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îûxkûDUCTÎÛN 
This dissertation is the record of diatom growth in the Des Moines 
River during the period from September 1961 through February 1964. The 
diatom taxa found, relative abundance of major species, and an evaluation 
of various physical, chemical and human factors that influence diatom 
growth are included. Diatoms have been studied in many rivers and most 
authors (Glaus and Reimer 1961; Galtsoff 1924; Greenberg 1964; Williams 
and Scott 1962) conclude that diatoms are generally the siost: isîportant 
algal group in rivers with regard to numbers, biomass and utilization as 
food by animais. 
The Des Moines River is the largest river flowing through the state 
of Iowa. It is hoped that this study will be of value as an index to 
diatom growth in the Des Moines River as the latter becomes an increasingly 
important domestic water source. At present, only one municipality, 
Ottumwa, Iowa, uses the river as a domestic water source. Many cities 
release usually-treated sewage effluents into the river (Figures 13, 14, 
20, 21, 24 and 25); packing-plant and creamery wastes are also discharged 
into the river. The river receives sewage effluent from over 500,000 
people, or about 1/5 of the population of Iowa. 
The physical and chemical characteristics of this river are basically 
determined by the drainage basin geology and climate. The latter is char­
acterized by 76cm annual rainfall, cold winters and hot summers. The 
geology of the entire basin, with regard to origins, rock formations and 
morphological changes, has been exhaustively discussed by Lees (Lees 1916). 
The first acute observations of 70% of the river valley were recorded by 
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Owen in 1847 (Owen 1852), who journeyed up the river by canoe as far as 
the Great Coal Bank north of Fort Dodge, Iowa. Ha noted strata and 
peculiarities %fith remarkable accuracy. Sis lucid account is much more 
useful than the work of Lees, since the latter used only available roads 
while making his study. Owen's observations have aided me in evaluating 
the first century of recorded Caucasian settlement in the Des Moines River 
valley, and also as a means of locating many specialized habitats. 
The physical morphology of the river provides a wide range of aquatic 
habitats, from Impounded lakes to surging rapids; The river in this study 
is divided into three distinct zones or reaches. The upper zone is char­
acterized by -silt and sand to sand-gravel bottoms, with few rapids. It 
extends from the headwaters of both of the two main forks to the first 
rock outcroppings which occur on each fork. Both forks arise at the outlet 
of a large shallow lake, Lake Shetek on the West Fork (Figure 1) and Tuttle 
Lake on the East Fork (Figure 8). Other lakes also drain into the river, 
especially on the West Fork. Many of the shallow lakes in the upper zone 
basin have been drained for agricultural enterprise. Several impoundments 
are formed by lowhead dams on the West Fork (Figures 2, 3, 4, 5, and 6) 
and a few on the East Fork. The upper and middle reaches cut through 
deposits left by the Wisconsin glaciaton, and here the river basin is 
"young" in that the new flood plain is narrow and the natural drainage 
incomplete (Lees 1916). The few streams which enter either fork in the 
upper zone are much smaller than the river. About 20km upstream from the 
junction of the two forks, the West Fork cuts through 3-5m of Kinderhook 
limestone and here the river bed becomes rock rubble and bedrock as the 
upper zone ends abruptly in this fork (Figure 6). The upper zone in the 
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East Fork ends similarily within a few kilometers of the junction. 
Between the beginnings of the middle zone and the Great Goal Bank at 
Fort Dodge, Iowa, almost the entire river bottom is rocky (Figure 7). An 
outstanding feature of the middle zone is the occurrence of an alluvial 
fan or outwash deposit projecting into and often coxopletely across the 
river bed wherever a creek or intermittent stream of the natural drainage 
system enters the river (Figures 17 and 18). These areas are usually com­
posed of cobbles and boulders, and form rapids in many places. Much of 
the middle zone has a rock rubble or cobble and boulder bottom, with the 
rest being sand and sand-gravel. A few backwater areas and impoundments 
with silt to silt-sand bottom deposits occur (Figure 16). This middle 
zone of the river is very scenic, but low falls and many rapids make boat­
ing hazardous during low water. The middle zone ends at the mouth of the 
Raccoon River, as the latter empties into the Des Moines River at Des 
Moines, Iowa. 
The lower zone of the Des Moines River begins at the junction with 
the Raccoon River which occurs at approximately the southern tip of the 
' Wisconsin glaciation (Lees 1916) in the state of Iowa. Here the character 
of the river changes abruptly. The flood plain is often several miles 
wide, the river meanders and doubles back on itself, and the bottom is 
usually silt or sand-silt. Occasional rapids, rock rubble areas, and bed­
rock form the river bottom in some places. High silt loads are generated 
and maintained in the lower zone fay public works' activities such as 
channel straightening and bridge building, and also by commercial washing 
of sand and gravel in and around Des Moines especially. In 1847, 22 low-
head dams existed in the lower zone (Owens 1852) but few traces remain of 
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these structures today. Most of the lakes formed in old channels of the 
river have been drained for agricultural purposes. The lower zone ends 
as the Des Moines River ençïties into the Mississippi River south of Keokuk, 
Iowa. 
The socio-economic background of the Des Moines River valley up to 
1900 can be gleaned from Gue's work (Gue 1903). He recorded the river's 
painful significance in the infamous "River Road" scandal, and the overdone 
"Spirit Lake Massacre". 
Studies of the flora and fauna of the Des Moines River have been 
mainly concerned with the fish populations. Bailey and Harrison (Bailey 
and Harrison 1948) in their study of the catfish of Boone County, Iowa, 
discussed in part the influence of river physiography on biota, and noted 
in particular the direct relationship between turbidity and water level; 
high water meant high silt loads, and low water was accompanied by low silt 
loads. The only previous study with direct bearing on my work was con­
ducted by Starrett (Starrett 1950a; 1950b; Starrett and Patrick 1952) in 
1946-1947. Although he was primarily interested in the distribution and 
food habits of minnows, he also collected net plankton samples and bottom 
sançles during the above-mentioned period. 
The U. S. Geological Survey maintains 26 flow measurement stations 
on the Des Moines River and its major tributaries (U. S. Geological Survey 
1955). The Hygiene Laboratory of the State of Iowa collects water sangles 
from chemical and bacterial analyses from about 5 stations on the river 
quarterly. Both of these governmental agencies are helpful in furnishing 
information. 
In this study, the Des Moines River was observed and sang)led 
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in all seasons. Over 600 diatom collections were gathered from 23 sta­
tions on the river and from 45 tributaries and lakes whose overflows 
eventually reach the river. In most instances each diatom collection was 
acconqjanied by an analysis of major ions present in the water at the 
collecting place. Only a few precise quantitative measurements of diatom 
abundance were made. Instead, primary enqphasis was placed on field 
observations of relative diatom abundance as a group, and on wet mount 
examinations of all collections prior to cleaning, to ascertain that most 
of the specimens were living when collected. 
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MATERIALS AND METHODS 
There were three different types of diatom growths collected: 1) sus­
pended or planktonic; 2) attached; and 3) benthic or bottom. Suspended 
diatoms were collected with an extra-fine no. 25 bolting cloth plankton 
net, or by settling from 40-liter water samples. The first method permit­
ted sampling of larger volumes of water, and resulted in a greater variety 
of taxa found, while the second method permitted adequate collection of 
small diatoms which frequently passed through the plankton net. Attached 
diatoms were scraped from the substrate with a large jackknife, or some­
thing similar. Benthic diatoms were readily collected with a large plastic 
syringe, sold commercially as a "gravy baster". 
Diatoms were cleaned by the addition of 30% hydrogen peroxide and 100-
500mg of potassium dichroraate; a very obvious chemical reaction took 
place, and the frustules were cleaned further by decanting the supernatant 
after the frustules sank to the bottom, and washing 8-10 times with 
deionized water. Several drops of a suspension of each cleaned collection 
of diatom frustules were dried on a #1 22mm^  cover glass, which was then 
affixed to a regular glass slide with Hyrax. Mounting of individual 
diatoms with hairs was found to be too time-consuming and tedious as well 
as uncertain, and was discontinued early in the study. Each collection 
was examined before and after cleaning. Taxonomic determinations were 
made from cleaned diatom frustules only. A list of the diatom taxa 
identified from my collections is included in Table 2. Standard works 
were consulted for most identifications, while especially difficult 
taxonomic determinations were made during my two-month term of residence 
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at the Academy of Natural Sciences of Philadelphia. Several type collec­
tions of diatom taxa are housed there, as well as collections of identified 
diatoms from all over the world. Their library contains most of the diatom 
literature. Acknowledgements of special assistance by staff members there 
appear later. 
With few exceptions a 500ml water sample was collected at the same 
time and place as each diatom collection. In all, 286 water samples were 
analyzed for: pH, turbidity, 804, Fe, P04, Si02, N02, N03, methyl orange 
alkalinity, CI, Calcium hardness, total hardness, usually 02, and sometimes 
tfai; temperature was also measured. These data are recorded in the 
Appendix. These chemical determinations were made using a Hach Portable 
Water Testing Laboratory, model DR-EL (Hach Chemical Co., Ames, Iowa). 
Many of the methods have been discussed by Volker (Volker 1962). 
Regular weekly collections were made at the Fraser dam or upstream 
from the mouth of Pease Creek from September 1961, through November 1963. 
According to Starrett (Starrett 1950a) the Fraser dam is about halfway 
between the headwaters of the river and Its mouth. Sporadic sampling of 
different places throughout the Des Moines River basin began in April 1961 
and continued through February 1964. Three surveys of the entire river 
from the headwaters to its mouth were completed in three days each, in 
order to determine the relative homogeneity of the diatom flora and changes 
in water chemistry. Most of the river Is easily accessible by road, and 
collecting stations were chosen for both variety and ease of access in all 
seasons. 
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OBSERVATIONS At® RESULTS 
Field Observations Arranged Chronologically 
The 28-month continuous observation period of diatom growth in the 
Des Moines River based on weekly sampling has been divided into 22 
distinct growth periods. Macroscopic field obsexvations and microscopical 
observations of wet mounts from fresh collections yielded most of the data 
used in the following account of diatom growth and abundance in the Des 
Moines River. Diatoms were observed to generally be the dominant algal 
group in the latter in all seasons. Data from entire river surveys occur 
in the following account where pertinent: 
1. Summer Growth Period, 9-16-61 to 9-30-61. 
At this time the water was colored greenish brown by a dense 
algal population in the plankton, which was predominantly 
diatoms. Melosira granulata, Synedra acus, Synedra ulna, some 
small Nitzschias, Cvclotella Kuetzingiana, Cvclotella striata, 
and Stephanodiscus hantzschil were the most abundant diatoms 
in the plankton. Benthic diatoms covered the bottom with a 
golden brown layer. Little epilithlc diatom growth was observed. 
All populations appeared to be scoured out of the river and 
washed downstream by high water at the end of the period. 
2. Autumn Flood, 9-30-61 to 10-14-61. 
The high water or flood condition slowly receded, and the silt 
load decreased. No viable diatom plankton was observed in the 
middle and lower zones during this period, although a large 
diatom plankton population occurred in the West Fork, and benthic 
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diatom populations were extensive in both forks. 
3. Autumn Growth Period, 10-15-61 to 12-12-61. 
In this growth period the same plankton diatoms which had been 
abundant in growth period 1 dominated the plankton. More Synedra 
was present than before. Towards the end of October Gomphonema 
olivaceum and Diatoma vulgare began forming macroscopically 
visible attached colonial growths on rocks, concrete, and similar 
solid or stable substrates, the former diatom more slowly at 
first. Meloslra eranulata disappeared from the plankton by 
November 10, after which the diatom plankton consisted of 
Synedras and Nltzschias. with an increasing population of 
Stephanodiscus hantzschii. Benthic diatom growths were also 
extensive, and diatoms were the dominant algal group in all 
observed habitats in the river. Nitzschia. Navicula, and 
Surirella were the dominant genera in the benthic populations. 
The period was ended by the first hard freeze, when over 50% of 
the river became ice-covered overnight, and many small tribu­
taries froze solid. 
4. Winter Growth Period, 12-13-61 to 3-14-62. 
During this three-month growth period the water was very clear, 
with very little suspended matter, and only a few cells of 
Stephanodiscus hantzschii regularly present in the plankton, 
although occasional cells of Svnedra acus were also observed. 
The ice and snow cover was about 95% complete, but the river-
bottom was stable, and a layer of benthic diatoms persisted 
throughout the period where there was less than 50cm of ice. 
Figure 1. A November view of dam at Lake Shetek outlet, near Curry, 
Minn., the headwater of the West Fork of the Des Moines 
River, looking upstream 
Figure 2. A November view of the dam at Talcott Lake outlet (Minn.), 
in which some water is going over the spillway. The West 
Fork flows through an extensive marsh before forming the 
lake itself, which is thus an impoundment of the river. 
This area is a state-controlled wildlife refuge 
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Where the river remained open in areas of swift current, and 
where the ice was 10cm or less, epilithic colonies of Gomphonema 
olivaceum continued to grow. There was no obvious change in the 
diatom flora until near the end of the period when the benthic 
layer broke up, and the epiliths also began to break away from 
the rocks. The winter benthic flora was dominated by species 
of Nltzschia. especially N. dissipata, N. palea. N. sigma, and 
N. linearis; Surirella ovalis and many other motile pennate 
diatoms were also present. The Spring Melt terminated this 
period. 
5. Spring Melt and Spring Flood, 3-15-62 to 5-1-62. 
This 6-week period began with the Spring melt, and then subse­
quent rains maintained the high water and flood conditions. 
Except for a few cells of Nitzschia sigmoides in the plankton 
no viable diatoms cells were collected from the river during 
most of this period. Small feeder streams in the basin quickly 
developed complete bottom covers of diatoms, and these would 
occasionally break apart and float away in large mats. Toward 
the end of the period as the water subsided and the silt load 
decreased, the diatom plankton began to develop, Gomphonema 
olivaceum recolonized the rocks, aid some benthic diatom growth 
was observed. 
6. Spring Growth Period, 5-2-62 to 5-23-62. 
The water was colored brown by the diatom plankton in which the 
dominant forms were species of Fragilaria, Svnedra, and Melosira. 
Stephanodiscus astraea and Asterionella formosa were also 
Figure 3. This November view shows most of the wooden dam crossing 
the West Fork at Windom, Minn., prior to the construction 
of a concrete edifice 
Figure 4. A November view which shows the concrete dam at the power 
plant (left) on the West Fork at Jackson, Minn. 
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abundant in the plankton. The epilithic Gorrohonema olivaceua 
colonies became massive in about a week and then deteriorated 
and were gone by the end of the period. Benthic growth was thin, 
but still colored the bottom brownish. The water level rose 
slowly at the end of the period and flood conditions returned. 
Early Summer Flood, 5-24-62 to 6-10-62. 
In this period of high water all diatom populations appeared to 
be scoured out of the river. Some diatom plankton occurred at 
the end of the period, primarily Melosira granulata. 
Early Summer Growth Period, 6-12-62 to 6-29-62. 
Melosira granulata was almost the only diatom in the plankton, 
but dominated it. Other algae were abundant in the plankton, 
notably species of green and blue-green algae. Benthic diatom 
growth was slight. A large Amphora veneta population developed 
in the splash zone at the gates in the Fraser dam. 
Summer Flood, 6-30-62 to 7-21-62. 
This was a three-week period of high water during which little 
or no diatom growth was observed in the muddy river. 
Summer Growth Period, 7-22-62 to 8-23-62. 
A massive population of centric diatoms developed in the plank­
ton, dominated by Melosira granulata. Cvclotella atomus, Ç. 
Kuetzingiana, Ç. meneghiniana, and Stephanodiscus hantzschii were 
also abundant. Benthic samples contained mostly settled 
planktonic forms. No epiliths were collected or observed. 
Epiphytic chrysophytes occurred on some diatom cells, especially 
on Stephanodiscus astraea. 
Figure 5- Looking downstream toward the footbridge and rock dam cross­
ing the West Fork at Estherville, Iowa 
Figure 6. July view of dam at Rutland, Iowa on the West Fork, which 
shows rock rubble and impoundment. The dam is constructed 
on bedrock limestone 
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11. Autussi Flood, 8-24-62 to 9-11-62. 
This was a period of high water during lAiich few Viable diatom 
cells were observed. 
12. Autumn Growth Period, 9-12-62 to 12-20-62. 
A massive diatom plankton population developed in this period, 
and some evidence of succession was recorded. The first major 
diatom plankter was Melosira granulata which started to diminish 
in numbers after about three weeks, and it was replaced by 
Synedra ulna as the plankton dominant, which in turn diminished 
about the middle of November, being replaced by a growth form 
of Stephanodiscus hantzschii having long slender spines. The 
latter species had been abundant in the plankton since the 
beginning of the period, but was dominant only during the last 
five weeks. About the same time that Melosira granulata disap­
peared from the plankton, colonies of Diatoma vulgare and 
Gomphonema olivaceum began to develop on the rocks in swift 
current areas. Diatom plankton colored the water brown, 
epillthic diatoms colored the rocks brown, and a complete layer 
of benthic diatoms colored the bottom brown. Thus, the whole 
aspect of the river was brown. Some slides were suspended in 
the river for two weeks, and a very meagre growth of diatoms 
occurred on them, while nearby rocks and pilings were covered 
with a brown layer of attached and benthic diatoms. When the 
slides were examined stellate colonies of Synedra ulna, the 
current dominant diatom plankter, were found. No benthic or 
epillthic diatoms were found on these slides. About the time 
Figure 7. February view, looking upstream towards the Highway 69 
bridge crossing the West Fork at Humboldt, Iowa. The 
river bed here is local rock rubble, and bedrock limestone. 
The dark cylinder at the left houses one of the large 
spring outlets in the river bed, used by the city for its 
water supply 
Figure 8. November view of dam at outlet of Tuttle Lake, which is 
the headwater of the East Fork of the Des Moines River 
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Synedra ulna disappeared from the plankton, the epilithic 
growths seemed to undergo a marked increase in bulk. The color 
of the river darkened as Stephanodiscus hantzschii became the 
dominant diatom plankter. The- first survey of the entire length 
of the river was carried out about a month before the period 
ended. Ice was found covering the water at the Shetek, Talcott, 
and Windom dams and diatom growth was slight at those places, 
with little or no diatom plankton observed. Extremely luxuriant, 
corpulent colonies of Gomphonema olivaceum were collected from 
epilithic habitats beginning a few kilometers north of Esther-
ville, Iowa on the West Fork, and at Dakota City, Iowa on the 
East Fork, downstream to the Court Avenue bridge in Des Moines, 
Iowa. Copious growths of the same diatom were also observed in 
Lizard Creek, Boone River, Beaver Creek, and the Raccoon River. 
Diatoms colored the plankton brown downstream from Jackson, 
Minnesota, until the Des Moines sewage outfall. Below this point 
the water was murky and turbid and only a few benthic diatoms 
were collected, but no plankton diatoms and no epilithic. diatoms 
were observed or collected. The turbidity of the river increased 
at Ottumwa, and at the mouth of the Des Moines River the water 
resembled flood water in opacity. About a week after the first 
hard freeze Stephanodiscus hantzschii diminished and eventually 
the water became clear in the upper and middle reaches of the 
river as this period ended. 
Winter Growth Period, 12-21-62 to 3-20-63. 
Plankton diatom growth was sparse throughout this period, although 
Figure 9. February view shows the break in the concrete dam which 
used to cross the East Fork at an old mill site east of 
Dakota City, Iowa 
Figure 10. February view looking upstream, about 500m below junction 
of East and West Forks of the Des Moines River, taken from 
midstream. Die water here is open all year, due to the 
warm water effluent from a power plant discharged into 
the river upstream and around the bend 
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a few cells of Stephanodiscus hantzschli with spines were found 
in most plankton samples, and some cells of Synedra acus were 
also present. No other algae were found in the plankton. 
Epilithic growths of diatoms continued in places where the cur­
rent was swift enough to prevent freezing, and benthic diatoms 
covered the river bottom with a brown layer. No algal forms 
other than diatoms were observed in these two habitats. These 
conditions prevailed throughout the upper and middle reaches 
of the river for nearly the entire period. Apparently high 
turbidity prevented diatom growth in the lower zone, since no 
live diatoms were collected there. 
Another survey of the entire length of the river was made 
in February about a month before the period ended. Water temp­
erature was 0 C except where warmed by municipal or industrial 
effluents. Wairm effluent from the Corn Belt Power Plant located 
just downstream from the junction of the East and West Forks of 
the Des Moines River, raised the river water temperature to 7 C 
and kept about a 15km section of the river entirely or mostly 
free from ice cover (Figure 10). By walking across this portion 
of the river several times at different places it was possible 
to ascertain that the rock rubble river bottom was covered with 
a massive growth of epilithic diatoms l-2cm thick. Subsequent 
microscopic examination of•the colonies showed that they were 
conçosed almost entirely of Gomphonema olivaceum. Live algal 
cells were not recovered from melted ice or from thawed mud. 
In addition to dominating the meagre plankton, Stephanodiscus 
Figure 11. July view which shows the lowhead dam downstream from 
Highway 20 bridge at Fort Dodge, Iowa 
Figure 12. View which shows the northwest corner of the power plant 
at Fort Dodge. A toxic effluent trickles over the rock 
wall It has discolored 
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hantzschii was abundant in the benthic layer and also commonly 
emeshed in the epilithic diatom growths. 
14. Spring Melt, 3-21-63 to 3-31-63. 
This was a short ten-day highwater period during which diatom 
populations were scoured from the river. 
15. Spring Growth Period, 4-1-63 to 4-28-63. 
The diatom flora recovered rapidly after the subsidence of the 
high water. A few days after"the beginning of this period 
Gomphonema olivaceum covered the rocks with brown colonies. 
Within two weeks, however, these colonies began to break up and 
were all gone from the river after three weeks, although a 
very thick honey-colored layer of Gomphonema olivaceum still 
covered the rocks in Bluff Creek. Epilithic growths of Gomphone­
ma olivaceum also covered the rocks in the Raccoon River at least 
as far upstream as Redfield, Iowa. In both of these tributaries 
there was little or no plankton and the water was clear. In 
the Des Moines River, however, a massive diatom plankton popu­
lation developed which colored the water dark brown. At first 
the diatom plankton consisted mostly of Stephanodiscus hantzschii 
with spines. Later increasing amounts of Melosira granulata, 
Svnedra ulna, Fraeilaria crotonensis. Fragilaria intermedia, and 
some colonies of Asterionella formosa were observed. Nitzschia 
acicularis, Nitzschia siemoides, and Nitzschia reversa were also 
abundant. The bottom of the river was covered with a 2mm thick 
layer of diatoms, mostly Stephanodiscus hantzschii. although 
some motile pennate diatoms were also present. Fragilaria 
Figure 13. July view of the treated sewage outfall at Fort Dodge, 
looking upstream, which shows the method of aeration 
Figure 14. July view of sewage outfall at Ford Dodge which shows 
foam streamer produced by presence of detergents in 
effluent surging over rocks 
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crotonensls. Firagiiaria intermedia, Melosira eranulata» 
Asterionella formosa did not settle out of the plankton and 
thus were not observed in collections from the benthic layer. 
Towards the end of this period spines no longer appeared on 
Stephanodiscus hantzschii. "me bottom layer deteriorated rapidly 
and the diatom plankton was the only thriving diatom population 
at the end of this period. Small tributaries observed all had 
extensive bottom growths of diatoms. Nutrients, especially 
nitrate, phosphate, and silica were noticeably depleted near 
the end of the period (see Fraser, 4-18-63 and 4-25-63 in 
Appendix). 
16. Spring Flood, 4-29-63 to 5-6-63. 
During this week of high water and flooding, viable diatom 
cells, especially Nitzschia sigmoides. were common in the turbid 
water. Other motile pennate diatoms were present, but the 
diatom plankton probably came from benthic growths that were 
washed out of smaller tributaries. 
17. Intermediate Growth Period, 5-7-63 to 5-21-63. 
The plankton population developed rapidly with much the same 
qualitative composition as was present at the end of period 15. 
No epilithic diatoms were evident and very little benthic diatom 
growth occurred. 
18. Early Summer Flood, 5-22-63 to 6-20-63. 
During this four-week high water period some viable diatom 
cells were always present Iti the plankton and benthic diatoms 
grew in shallow backwater areas. The bottoms of observed 
Figure 15. November view which shows the rock dam at Lehigh, Iowa 
Figure 16. August view of the gates in Fraser dam, where weekly 
saroples were collected 
32 
33 
tributaries were covered with a flocculent diatom layer. 
19. Early Summer Growth Period, 6-22-63 to 7-10-63. 
A massive growth of planktonic diatoms developed throughout the 
entire river during this period which was dominated by Melosira 
granulata. Stephanodiseus astraea was also abundant in both 
plankton and benthic populations. Other centrics and some 
Nitzschias were also in the plankton. Fragilaria crotonensis 
occurred abundantly at the beginning of the period, but disap­
peared from the plankton in about ten days. Other algae, such 
as species of Pediastrum, Scenedesmus, Actlnastrum, Anabaena, 
Microcystis, and Oscillatoria were also abundant in the plankton. 
For the first time, I observed and collected a well-developed 
viable diatom population in the plankton of the lower zone of 
the Des Moines River. Except for an increase in the amount of 
silt the samples from the lower zone were the same qualitatively 
and probably quantitatively as those collected in the middle 
zone. Benthic diatoms also flourished, but no epiliths were 
collected or observed. 
20. Summer Flood, 7-11-63 to 7-30-63. 
This was a three-week period of high water during which few 
viable diatom cells were found in any samples. 
21. Continuous Summer and Autumn Growth Periods, 7-31-63 to 12-22-63. 
This was the longest uninterrupted growth period during the 
course of my study. A massive algal plankton developed rapidly 
and remained throughout the period. The water color was various 
shades of brown as the dominant plankter changed. After about a 
Figure 17. December view looking south from "Big Eddy", about 100m 
above mouth of. County Farm Creek, Boone County, Iowa, 
which shows the large alluvial shoal formed by the creek. 
Open water is at the right, and it usually remains open 
all winter 
Figure 18. January view which shows tributary alluvial fan south of 
Centerville, Boone County, Iowa 
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month of douiînôtîiig the plankton, diatoms became a minor consti­
tuent of the plankton for about three weeks when Melostra 
granulata disappeared and other diatoms did not multiply enough 
to become dominant. Melosira granulata then reappeared in the 
plankton as dominant, and gradually was replaced by Svnedra acus, 
which in turn was replaced by Stephanodiscus hantzschii which 
developed spines prior to becoming the plankton dominant. 
Epilithic diatom growths were well-developed in the upper reach 
from October on, but did not appear downstream from Fort Dodge 
until late in November. Epilithic diatom colonies did not 
develop in the lower zone, although benthic and planktonic 
diatom populations were similar throughout the entire length 
of the river. Early ice formation reduced diatom growth in the 
upper zone. Benthic diatom growth was abundant throughout the 
period. Toward the middle of the period nitrate, phosphate and 
silica were noticeably depleted, and remained at unusually low 
levels for many weeks (see Fraser, 9-3-63 to 11-27-63 in the 
Appendix). A flocculent layer of diatoms observed below the dam 
shown in Figure 19 on the Raccoon River at Des Moines was 
dominated by Pleurosigma delicatulum. This was the first time 
a population of this diatom had been collected in a tributary 
of the Des Moines River. This period ended about two weeks 
after the first hard freeze which was milder than the two years 
previous. 
Winter Growth Period, 12-23-63 to 3-4-64. 
There was very little snowfall during this winter period and ice 
Figure 19. July view which shows the Des Moines Waterworks dam on 
the Raccoon River 
Figure 20. July view which shows the Des Moines Sewage outfall 
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cover was not complete except in sluggish portions of the river. 
Occasional plankton occurred In the middle zone. A massive 
plankton population of Stephanodiseus hantzschii occurred most 
of the winter in the lower zone from near Eddyvllle downstream 
to the mouth of the Des Moines River. This diatom colored 
the water dark brown, and also dominated the benthic diatom 
layer in the lower zone. Epllithic diatom colonies were exten­
sive in both the upper and middle zones, but none were observed 
or collected in the lower zone. Benthic diatom growth was 
also extensive in the upper and middle zones, but less so in 
the lower zone. Downstream from the outfall of the Des Moines 
Sewage Treatment Plant large sewage fungus growths were observed 
on the river bottom, and no diatoms could be found in this area. 
The summarized results of the field observations are listed in Table 
1, where the characteristics of each expected growth period in the Des 
Moines River during an average year are given. The chemical data in 
Table 1 were compiled by averaging the water chemistry data presented in 
the Appendix. It should be noted the "negative" growth periods are usually 
characterized by high silt loads which result in turbidity readings of 
lOOOppm or more. 
Proposed Typical River Year 
The. following is vrtiat I consider to be the projection of the chrono­
logical field notes into a typical river year with regard to diatom growth. 
Expected variations and durations of each growth period as well as the 
important diatom species and the relative abundance of diatoms in plank-
Table 1. Guide to expected perennial conditions in the Des Moines River during an average year (as 
extrapolated and summarized from field observations and chemical data) 
Growth 
period 
Expected duration 
and time of Length 
occurrence (weeks) 
Period of 
positive 
Temp Turb pH S04 P04 N03 N02 0102 CI Alk Ca Hard growth? 
°C ppm ppm ppm ppm ppm i>pm ppm ppm ppm ppm 
Spring Melt 
Spring Growth 
Period 
Spring Flood 
Early Summer 
Flood 
Early Summer 
Growth Period 
Summer Flood 
Summer Growth 
Period 
Autumn Flood 
Autumn Growth 
Period 
Winter Growth 
Period 
3/15-3/31 1-2 
3/31-5/31 2-12 
3/15-5/15 2-8 
5 2000 8.0 35 5 6.0 .05 12 15 160 150 225 no 
16 75 8.4 90 .2 3.0 .005 10 19 220 250 380 yes 
10 2000 8.2 40 .4 7.0 .025 13 12 180 150 260 no 
5/15-6/21 2-4 22 1000 8.0 80 .25 6.5 .01 20 12 270 260 400 no 
'6/1 -7/15 2-6 
6/30-7/30 1-4 
6/30-9/15 4-10 
8/21-10/21 1-2 
9/15-12/15 12 
12/15-3/15 12 
27 60 8.5 120 .2 4.0 .01 15 18 250 260 380 yes 
27 1000 8.0 50 .4 5.0 .05 25 12 230 200 320 no 
23 100 8.3 125 .3 2.4 .006 9 22 235 230 370 yes 
20 200 8.0 70 .3 4.5 .02 10 20 275 250 390 no 
7 40 8.4 110 .24 4.3 .016 16 23 290 280 420 yes 
0 10 7.8 100 .5 4.0 .026 14 32 350 335 480 yes 
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tonic, benthic, and attached habitats. 
The river year begins with the Spring Melt, a 1-2 week period occur­
ring usually In the month of March- Water from melted ice and snow reaches 
the river heavily laden with silt, but the silt load is Influenced by many 
factors such as volume of ice and snow cover, the rate of melting, which 
is in turn affected by the mean dally temperature, and the extent to 
which the soil water remains frozen. The winter diatom flora generally 
appears to be scoured from the river during this period. Turbidity rises 
to lOOOppm or more, and the concentrations of dissolved ions are reduced 
by as much as 50% by dilution as shown In Table 1. These effects may be 
prolonged for up to two months by successive rains and the period may 
become continuous with the Spring Flood. Usually, however, a 2-6 week 
growth period occurs when the river level subsides between the Spring Melt 
and the Spring Flood. During the Spring Growth Period Gomphonema olivaceum 
quickly repopulates the rocks in shallow water (Im or less) and other 
stable substrates as well. In about two weeks the massive growths of 
this species reach a peak and begin to break away from their substrates, 
and are absent after about 4 weeks. Diatoma vulgare also becomes 
abundant, and usually outlasts G. olivaceum by several weeks. Nitzschla 
dissipata, N. palea. N. subcapitellata, and N. linearis, Navlcula 
trlpunctata. Cvmatopleura solea, and Surirella Brightwellii are abundant 
in the brown layer covering the bottom of the river in depths of Im or 
less. The Spring Growth Period diatom plankton population is first 
dominated by Stephanodlscus hantzschli. which gradually diminishes in 
numbers as Svnedra acus and Svnedra ulna and Fragllaria crotonensls become 
f 
Figure 21. July view \^ ich shows fishermen at additional outfall 
of Des Moines sewage plant 
Figure 22. July view which shows the power plant several km down­
stream from sewage effluent outfall of Des Moines. 
Several effluents are discharged by this plant into the 
Des Moines River 

44 
more abundant. At the end of this period, however, Meiosira granulata 
dominates the plankton. It is well to note that at the beginning of this 
period when Stephanodiscus hantzschii dominates the benthos as well as the 
plankton, its cells still have the long slender siliceous spines which 
are characteristic of one of the growth forms of this species. This 
observation must be made from living material since the spines are dis­
lodged or destroyed by usual cleaning methods. Contrary to the observa­
tions of Starrett (Starrett and Patrick 1952) Asterionella formosa was not 
the "typical spring plankter in the Des Moines River" during my study. 
The Spring Growth period can last from two weeks to three months. It 
may be terminated by a Spring Flood or an Early Summer Flood, but in 
years of low Spring rainfall it may be continuous with the Early Summer 
Growth Period. 
During the Early Summer Growth Period the diatom plankton is dominated 
almost entirely by Meiosira granulata, accompanied by some Stephanodiscus 
astraea and several species of Cyclotella. Species in other groups of 
algae, especially greens and then blue-greens, also become abundant in 
the plankton. Benthic diatoms are sparse, and attached diatoms are 
seldom observed. A large growth of Amphora veneta was observed in the 
splash zones around the floodgates in the Fraser dam each June. This 
growth period lasts from 2t6 weeks. It may be terminated by a Summer Flood 
which lasts 1-6 weeks, or be continuous with the Summer Growth Period. 
The Summer Growth Period has a massive diatom plankton population 
dominated by Meiosira granulata accompanied by large populations of 
Cyclotella Kuetzingiana. Ç. atomus. Ç. striata, Stephanodiscus astraea 
and some S. hantzschii (spineless form). These taxa often dominate the 
Figure 23. July view which shows new dam at Ottumwa, Iowa, with water 
going over central spillway 
Figure 24. July view looking downstream towards a foam streamer 
which comes from the settled sewage effluent of Ottumwa. 
Untreated wastes from Morrill Packing Plant enter the 
river a short distance upstream 
917 
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benthos also, probably as a result of settling out from the plankton. 
Epiliths are not evident during this 4-10 week period which may end with 
either the brief Autumn Flood or be continuous with the Autumn Growth 
Period. In the summer months Microcystis aeruginosa was occasionally 
present in the plankton, but was never observed to be a dominant plankter. 
Starrett (Starrett and Patrick 1952) observed this blue-green alga as 
the summer plankton dominant. 
More diatom biomass develops in the Autumn Growth Period than in 
any other growth period. Macroscopically abundant diatom populations 
develop in plankton, benthos, and on stable substrates (especially rocks). 
Gumtow (Gumtow 1955) also recorded highest attached algal growth in the 
Autumn, dominated by diatoms. In this growth period, at first a massive 
diatom growth develops in the plankton, dominated by Melosira granulata. 
In the upper reaches of the Des Moines River Diatoma vulgare begins to 
colonize stable substrates about the end of September, and Gomphonema 
olivaceum follows about two weeks later. As noted by Blum (Blum 1954; 1956) 
these two attached diatoms grow separately from each other but in similar 
habitats. Colonization of rocks by these diatoms moves slowly downstream, 
especially in the middle zone where large colonies of G. olivaceum may not 
appear until late in November. The benthic diatom layer is composed of 
scores of common and abundant diatoms, mostly Nitzschia species and many 
naviculoid forms. When Melosira granulata disappears from the plankton, 
some of the green algae and also blue-greens disappear, as the color of 
the river changes from greenish-brown to light brown with Synedra ulna 
becoming the dominant plankter. The latter is replaced by Stephanodiscus 
hantzschii (spiny form) and the river water is colored dark brown. The 
Figure 25. July and highwater view of sewage outfall at Ottumwa. 
Plant has primary treatment only 
Figure 26. July view which shows Ely's ford, which is underwater here, 
looking south into Lacy Keosauqua State Park. Deep water 
is on near side, and about 80% of breadth is a shallow 
rock rubble riffle area 
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Autuinn Growth Period lasts 2-3 months and is terminated by the first hard 
freeze or cold spell which is prolonged enough to cause the river tempera­
ture to fall below 1 C. 
Almost abruptly the Winter Growth period begins as the water turbidity 
falls to near zero (see Appendix), the water level drops noticeably as 
many smaller tributaries freeze solid, and ion concentrations increase. 
Most portions of the river covered by 20cm or less of water freeze solid, 
and ice in the more sluggish areas is often 50cm thick. The plankton 
population diminishes until only a few cells of Stephanodiscus hantzschii 
and occasionally some Synedra acus and ulna.remain. Algae other than 
diatoms are seldom found in either the plankton or attached habitats during 
the winter months. Epilithic growths of Gomphonema olivaceum continue to 
flourish in rapid water if the ice cover is not prohibitive and they are 
still submerged. Colonies which become frozen solid do not yield viable 
cells upon thawing, nor do experimentally frozen colonies. The brown 
benthic layer is composed mainly of Nitzschia although other motile pennate 
diatoms are common. Stephanodtscus hantzschii is also frequently abundant 
in the benthic layer, especially in the lower zone, where it is more 
abundant in the plankton than upstream. The Winter Growth Period usually 
lasts about three months and is teirminated by the Spring Melt. 
Diatom Taxa Identified from the Des Moines River 
From the more than 600 samples collected, cleaned and examined from 
permanent Hyrax preparations, 274 diatom taxa were identified, representing 
38 genera. This list. Table 2, is included to show the relative abundance 
of most of the diatoms found, and to provide a checklist for the Des Moines 
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Table 2 Diatom taxa found in the Des Moines River' 
Taxon 
Reported by 
Collection Identifies- Relative Starrett and 
number tion source abundance Patrick? 
Achnanthes exigua Grun. a-529 
Achnanthes exigua v. 
heterovalvata Krasske. a-266 
Hu. 1930 
Hu. 1930 
Achnanthes haukiane v. 
rostrata Schutz. a-573 Rob. 
Achnanthes hungarica 
Grun. a-76 Hu. 1930 
Achnanthes lanceolata 
Breb. a-55 Hu. 1930 
Achnanthes lanceolata v. 
elliptica CI. a-573 Rob. 
Achnanthes minutissima Kutz. 
a-573 Rob. 
Amphipleura pellucida 
Kutz. a-30 Hu. 1930 
Amphiprora ornata 
Bailey. 
Amphora montana 
Krasske. 
a-54 
a-569 
Hu. 1930 
Guermeur, 1954 A 
A^ key to the authors and symbols used in Table 2 is as follows: 
ASA refers to Schmidt's Atlas; Hu. to works by Hustedt; Lag. to a paper 
by Lagerstedt; Patr. to papers by Patrick; Rob. refers to those taxa which 
were kindly identified for me by Miss Noma Roberts of the Academy of 
Natural Sciences of Philadelphia; A denotes a taxon abundant enough in 
one or more growth periods to comprise 1-20% of the diatoms present; C 
denotes a taxon which comprised 0.1-1% of diatoms in one or more growth 
periods; D denotes a taxon which comprised more than 20% of the diatoms 
in one or more growth periods; 0 denotes taxa regularly found once or 
twice in several collections, or common in only one collection; R denotes 
taxa found only once or a few times from all collections. Diatoms denoted 
by "D" or "A" are usually found in each collection examined. Blank denotes 
.no abundance record. 
52 
Table 2. (Continued) 
Reported by 
Collection Identiflca- Relative Starrett and 
Taxon nusber • tier, source abundance Patrick? 
Amphora ovalis Kutz. a-55 Hu. 1930 C Yes 
Amphora ovalis v. 
pediculus Kutz. a-261 Hu. 1930 C 
Amphora thermalls Bust. Of-261 Hu. 1949 R 
Amphora veneta Kutz. a-509 Hu. 1930 A 
Anomoncsts spbaerophor^  
(Kutz.) Pfitzer. 0-530 Hu. 1930 C 
Asterionella formosa 
Hassall. 0-450 Hu. 1930 C Yes 
Bacillaria paradoxa 
Gmelin. a-192 Hu. 1930 0 
Caloneis amphisbaena 
(Bory) Cleve. CX-570 Hu. 1930 C 
Caloneis bacillum 
(Grun.) Mareschkowsky 0-293 Hu. 1930 C 
Caloneis Lewisii Patr. a-579 Patr. 1945 C Yes 
Caloneis Schumanniania v. 
biconstricta Grun. cx-188 Hu. 1930 C 
Caloneis silicula v. 
truncatula Grun. 0-527 Hu. 1930 O 
Cocconeis pediculus Ehr. ct-53 Hu. 1930 A Yes 
Cocconeis placentula 
Ehr. 0-53 Hu. 1930 C 
Cocconeis placentula v. 
euglvpta (Ehr.) CI. 0-573 Rob. 
Coscinodiscus pygmea 
Brun and Per. 0-573 Rob. 
Cyclotella atomus Hust. 0-189 Hu. 1938 A 
53 
Table 2- (Continued) 
Reported by 
Collection Identlflca- Relative Starrett and 
Xaxon number tlon source abundance Patrick? 
Gvclotella catenate 
Brun. a-301 Hu. 1930 0 
Gvclotella Kutzinglana 
Thwaites a-261 Hu. 1930 A 
Gvclotella Msnghinlana 
Kutz. a-55 Hu. 1930 A Yes 
Gvclotella nana Hust. O!-304 Hu. 1957 A 
Gvclotella pseudostelligera 
Hust. Ct-573 Rob. 
Gvclotella stelligera 
Gleve. & Grun. 8-194 Hu. 1936 C 
Gvclotella striata 
(Kutz.) Grun. a-301 Hu. 1930 A 
Gvclotella striata v. 
bipunctata Fricke (X-575 Hu. 1930 A 
Gvllndrotheca gracilis 
(Breb.) Grun. a-340 Hu. 1930 R 
Gvmatopleura cochlea 
Brun. . a-573 ASA 276 G 
Gvmatopleura elliptlca 
(Breb.) Win. Smith Où-55 Hu. 1930 G 
Gvmatopleura solea 
(Breb.) Wm. Smith 3-54 Hu. 1930 A Yes 
Cvmbella affinis Kutz. 01-301 Hu. 1930 A 
Gvmbella clstula 
(Hençrlch) Grun. a-399 Hu. 1930 G 
Cvmbella helvetica 
Kutz. a-297 Hu. 1930 C 
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Table 2. (Continued) 
Taxon 
Reported by 
Collection Identifica- Relative Starrett and 
number tion source abundance Patrick? 
Cvmbella hybrida Grun. Œ-153 
Cvmbella lanceolata 
(Ehr.) Van Heurck a-283 
Cvmbella mexicana 
(Ehr.) Cleve. a-76 
Cvmbella norvegica 
Grun. 8-573 
Cvmbella perpusilla 
A. CI.-Eu. a-575 
Cvmbella prostrata 
(Berkeley) Cleve. a-57 
Cvmbella rhomboides 
Boyer. a-191 
Cvmbella stnuata 
Greg. #-168 
Cvmbella tumida 
(Breb.) Van Heurck. a-192 
Cvmbella ventricosa 
Kutz. 0!-76 
Diatoma vulgare Bory. 01-53 
Diploneis elliptica v. 
pygmea A. CI.-Eu. OC-301 
Eunotia formica Ehr. Q!-270 
Eunotia lunaris 
(Ehr.) Grun. a-54 
Eunotia monodon v. 
major f. bidens Wm. Smith. 
a-270 
ASA 37? 0 
Hu. 1930 0 
Boyer, 1916 C 
Foged, 1957 0 
Foged, 1959 R 
Hu. 1930 A 
Boyer, 1916 C 
Hu. 1930 C 
Hu. 1930 A 
Hu. 1930 A 
Hu. 1930 D 
CI.-Eu. 1934 0 
Hu. 1930 R 
Hu. 1930 0 
Hu. 1930 R 
Yes 
Yes 
Yes 
Yes 
55 
Table 2. (Continued) 
Reported by 
Collection Identifica- Relative Starrett and 
Taxon number tion source abundance Patrick? 
Eunotia valida Hust. û!-l?0 Hu. 1930 R 
Eptthemia sorex Kutz. #-191 Hu. 1930 0 
Eptthemia turgida 
(Ehr.) Kutz. a-479 Hu. 1930 0 
Eptthemia zebra v. 
saxonica (Kutz.) Grun. a-549 Hu. 1930 0 
Fragilaria capucina 
Des Mazieres. CÏ-441 Hu. 1930 C 
Frâàilariâ câpucinà v. 
mesolepta (Rabh.) Grun. #-587 Hu. 1930 C 
Fragilaria construens 
(Ehr.) Grun. a-53 Hu. 1930 C 
Fragilaria crotonensis 
Kitton. #-474 Hu. 1930 A 
Fragilaria Harrissonii v. 
dubia Grun. #-411 Hu. 1930 0 
Fragilaria intermedia 
Grun. #-587 Hu. 1930 A 
Fragilaria lapponica 
Grun. #-210 Hu./Rabh. 0 
Fragilaria pinnata Ehr. #-547. Hu./Rabh. 0 
Frustulta vulgare 
Thwattes. #-53 Hu. 1930 C Yes 
Gomphonema affine 
Kutz. #-573 Rob. 
Gomphonema angustatum v-
obesa Lauby. #-573 Rob. 
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Table 2. (Continued) 
Taxon 
Reported by 
Collection Identifica- Relative Starrett and 
number tion source abundance Patrick? 
Gomohonema accumlnatum 
Ehr. a-64 
Gomphonema accumlnatum v. 
Brebissonli (Kutz.) Cleve. 
a-93 
Gomphonema accumlnatum v. 
ooronata (Ehr.) win. Smith 
Gomphonema bohemicum 
Relchel & Fricke. 
Gomphonema brasilense 
Grun. 
Gomphonema constrlctum 
Ehr. 
a-573 
a-298 
a-193 
a-573 
Gomphonema gracile Ehr. a-573 
Gomphonema intricatum v. 
pumila Grun. a-554. 
Gomphonema lanceolatum 
Ehr. a-574 
Gomphonema lanceolatum v. 
inslgnis (Greg.) Cleve. a-55 
Gomphonema longlceps v. 
subclavata f. gracilis 
Hust. a-546 
Gomphonema ollvaceum 
(Lyngbye) Kutz. a-574 
Gomphonema parvulum 
(Kutz.) Grun. a-293 
Gomphonema parvulum v. 
micropus (Kutz.) Cleve. a-303 
Hu. 1930 C 
Hu. 1930 0 
Hu. 1930 0 
Hu. 1930 0 
Wallace, 1960 R 
Hu. 1930 C 
Rob. 
V. Heurck, 1880 C 
Hu. 1930 C 
Hu. 1930 C 
Hu. 1930 C 
Hu. 1930 D 
Hu. 1930 A 
Hu. 1930 C 
Yes 
Yes 
Yes 
Table 2. (Continued) 
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laxon 
Reported by 
Collection Identlfica- Relative Starrett and 
number tion source abundance Patrick? 
Gomphonema sphaerophorum 
Ehr. a-573 
Gomphonema ventricosum 
Greg. a-184 
Gvrosigma accuminatum 
(Kutz.) Rabh. a-574 
Gvrosigma attenuatum 
(Kutz.) cl. 8-573 
Gvrosigma scalproides 
(Rabh.) Cleve. #-581 
Hantzschla amphioxys 
(Ehr.) Grun. a-73 
Melosira ambtgua 
(Grun.) 0. Mull. a-573 
Melosira granulata 
(Ehr.) Ralfs. 8-301 
Melosira granulata v. 
angustissima îbill. 8-266 
Melosira granulata v. 
muzzanensls Melster• 8-85 
Melosira granulata v. 
procera (Ehr.) Grun. 8-573 
Melosira itallca v. 
valica (Ehr.) Kutz. 8-301 
Melosira varlans Ag. 8-187 
Melosira itallca v. 
tenulssima (Grun.) 0. Mull. 
8-573 
Meridlon clrculare Ag. 8-60 
Rob. 
Hu. 1930 
Hu. 1930 
Rob. 
Hu. 1930 
Hu. 1930 
Rob. 
Hu. 1930 
Hu. 1930 
Hu. 1930 
Rob. 
Hu. 1930 
Hu. 1930 
Rob. 
Hu. 1930 
A 
A 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
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Table 2. (Continued) 
Taxon 
Reported by 
Collection Identlflca- Relative Starrett and 
number tion source Abundance Patrick? 
Nayicula accommoda 
Hust- a-573 
Navlcula Americanla v. 
bacillarls Herb. & Perg. 
a-53 
Navlcula bacllloides 
Hust. a-573 
Navlcula blconica Patr. #-511 
Navlcula canalls Patr. a-573 
Navlcula clncta 
(Ehr.) Kutz. a-338 
Navlcula clncta v. 
rostrata Relmer- a-573 
Navlcula clrcumtexta 
Meister a-194 
Navlcula citrus 
Krasske. a-193 
Navlcula cocconei formls 
Greg. a-491 
Navlcula confervacea 
(Kutz.) Grun. a-573 
Navlcula contenta f. 
biceps Amott. a-573 
Navlcula crvptocephala 
Kutz. a-293 
Navlcula crvptocephala v. 
veneta (Kutz.) Grun. a-192 
Navlcula cuspldata 
Kutz. a-53 
Rob. 
Hust. 1930 R 
Rob. 
Holotype. 0 
Rob. 
Hu. 1930 C 
Rob. 
ASA R 
Hu. 1930 A 
Isotype material C 
Rob. 
Rob. 
Hu. 1930 A 
Hu. 1930 C 
Hu. 1930 C Yes 
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Table 2. (Continued) 
Taxon 
Reported by 
Collection Identifica- Relative Starrett and 
number tion source abundance Patrick? 
Navicula cuspidate y. 
ambigua (Ehr.) CI. a-561 
Navicula cuspidata v-
Heribaudl Perg. a-298 
Navicula decusls Ostr. a-575 
Navicula demissa Hust. a-511 
Navicula dicephala 
(Ehr.) Wm. Smith. a-92 
Navicula dicephala v. 
elginensis (Greg.) CI. a-573 
Navicula disluncta 
Hust. a-573 
Navicula explanata 
Hust. a-31 
Navicula gastrum Ehr. a-189 
Navicula germainli 
Wallace. a-573 
Navicula tripunctata 
(Mull.) Bory a-38 
Navicula Grimmei 
Krasske. a-572 
Navicula hasslaca 
Krasske. a-573 
Navicula hungarlca 
Grun. a-55 
Navicula hungarlca v. 
capitata (Ehr.) CI. a-573 
Hu. 1930 
Hu. 1930 
Foged, Afgan. 
1959 
Hu. 1945 
Hu. 1930 
Rob. 
Rob. 
Reimer, 1959 
Hu. 1930 
Rob. 
Patr., 1959 
ASA 405 
Rob. 
Hu. 1930 
Rob. 
Yes 
C 
C 
C 
C 
Yes 
Yes 
Yes 
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Table 2. (Continued) 
Taxon 
Reported by 
Collection Identifica- . Relative Starrett and 
number tion source abundance Patrick? 
Navicula hungeriea v. 
linearis Ostr. Oî-573 
Navicula intégra 
(Win. Smith) Ralfs. a-374 
Navicula lanceolata 
(Ag.) Kutz. a-575 
Navicula lapidosa 
Krasske. a-573 
Navicula longa 
(Greg.) Ralfs. 8-441 
Navicula menisculus 
Schum. 0!-298 
Navicula minima Grun. a-564 
Navicula mucicoloides 
Bust. ' QÎ-301 
Navicula mutica v. 
binodis Hust. 0-187 
Navicula mutica v. 
Cohnii (Hilse) Grun. 8-573 
Navicula mutica v. 
tropica Hust. a-319 
Navicula paanaensis 
Cl-Eu. a-573 
Navicula paludosa Hust. a-94 
Navicula pelliculosa 
(Breb.) Hilse. #-587 
Navicula peregrina 
(Ehr.) Kutz. a-56 
Rob. 
Hu. 1930 
Hu. 1930 
Rob. 
ASA 47 
Hu. 1930 
Hu. 1930 
Hu./Rabh. 
Hu. 1930 
Rob. 
Hu. 1937 
Rob. 
Foged, 1964 
Hu. 1930 
Hu. 1930 
C 
C 
Yes 
Yes 
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Table 2. (Continued) 
Reported by 
Collection Identlflca- Relative Starrett and 
Taxon number tlon source abundance Patrick? 
Navicula plaeentula v. 
latluscula (Grun.) 
Melster. a-192 Hu. 1930 C 
Navicula pupula Kutz. a-30 Hu. 1930 A Yes 
Navicula pupula v. 
capltata Hust. a-189 Hu. 1930 C Yes 
Navicula pupula v. 
mutata (Krasske) Hust. as-303 Hu. 1930 C 
Navicula pupula v. 
pseudopupula (Krasske) 
Hust. a-324 ASA 396 0 
Navicula pvemea Kutz. 05-53 Hu. 1930 G Yes 
Navicula radlosa v. 
tenella (Breb.) Grun. a-298 Hu. 1930 C 
Navicula Relnhardtll 
Grun. a-328 Hu. 1930 0 
Navicula rhvnchocephala 
Kutz. a-297 Hu. 1930 A Yes 
Navicula scutelloldes 
%n. Smith. a-411 Hu. 1930 R 
Navicula semlnuloides v. 
sumatrana Hust. 8-261 ASA 401 R 
Navicula subhamulata v. 
undulata Hust. a-339 Hu. 1930 0 
Navicula symmetrica 
Patr. a-192 Patr., 1944 A 
Navicula tenera Hust. (2-573 Rob. 
Navicula texana Patr. 01-573 Rob. 
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Table 2. (Continued) 
Taxon 
Reported by 
Collection Identifica- Relative Starrett and 
number tion source abundance Patrick? 
Navlcula trlpunctata v. 
schlzonemoldes Patr. a-189 
Navlcula tuscula 
(Ehr. ) Grun. CK-168 
Neldlum affine 
(Ehr.) CI. a-54 
Neldlum blsulcatum 
(Lagerstadt) CI. a-380 
Neldlum descens 
(Pant.) Stoermer. (3-53 
Neldlum distinete-
punctatum Hust. a-85. 
Neldlum dubium 
(Ehr.) CI. a-68 
Neldlum Irldls 
Relchelt. a-527 
Neldlum Kozlowll 
Mereschkowsky 0-66 
Nltzschla accommodata 
Hust. Qî-573 
Nltzschla aclcularls 
Wm. Smith. a-588 
Nltzschla acuminata 
(Win. Smith) CI. & Grun. a-573 
Nltzschla amphibia 
Grun. Of-194 
Nltzschla aplculata 
(Greg.) Grun. a-189 
Patr., 1959 A 
Hu. 1930 0 
Hu. 1930 C 
Hu. 1930 0 
Stoermer, 1963 0 
Hu. 1930. 0 
Hu. 1930 C 
Hu. 1930 O 
Hu. 1930 0 
Rob. 
Hu. 1930 A 
Rob. 
Hu. 1930 C 
Hu. 1930 A 
Yes 
Yes 
Yes 
Yes 
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Table 2. (Continued) 
Taxon 
Reported by 
Collection Identlfica- Relative Starrett and 
number tion source abundance Patrick? 
Nltzschla bacate 
Hust. a-573 
Nltzschia Clausli 
Hantzsch. #-550 
Nltzschia commutata 
Grun. a-573 
Nltzschia conflnis 
Hust. a-573 
Nltzschia denticula 
Grun. a-451 
Nltzschia dlssipata 
(Kutz.) Grun. 8-575 
Nltzschia dlssipata v. 
media (Hantz.) Grun. a-573 
Nltzschia filiformis 
(%n. Smith) Hust. a-558 
Nltzschla fontlcola 
Grun. a-573 
Nltzschia frustulum 
(Kutz.) Grun. a-569 
Nltzschla frustulum 
V. Indlca Skv. a-573 
Nltzschia frustulum 
V. Senalnuta 
Grun. a-573 
Nltzschla gracilis 
Hantz. a-573 
Rob. 
Hu. 1930 
Hu. 1930 
Rob. 
Hu. 1930 
Hu. 1930 
Rob. 
Hu. 1930 
Rob. 
ASA 349 
Rob. 
Rob. 
Rob. 
D Yes 
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Table 2- (Continued) 
Taxon 
Collection 
number 
Identifica­
tion source 
Reported by 
Relative Starrett and 
abundance Patrick? 
Nitzschia hunaarica 
Grun. a-188 Hu. 1930 A Yes 
Nitzschia isnorata 
Krasske. a-573 Rob. 
Nitzschia Kutzingiania 
HiLse. a-548 Hu. 1930 G 
Nitzschia linearis 
%n. Smith a-573 Hu. 1930 D Yes 
Nitzschia Lorenziana v. 
subtills Grun. U-5Ô4 Hu. 1930 R 
Nitzschia microcephala 
Grun. a-573 Rob. 
Nitzschia microcephala v 
eleeantula V. Heurck. a-573 Rob. 
Nitzschia palea Kutz. a-152 Hu. 1930 D Yes 
Nitzschia paleaformis 
Hust. a-573 Rob. 
Nitzschia parvula 
Lewis. a-411 Hu. 1930 C 
Nitzschia punctata 
(Win. Smith) Grun. a-575 Hu. 1930 C 
Nitzschia recta Hantz. a-233 Hu. 1930 A 
Nitzschia reversa 
Win. Smith. a-179 Schonfeldt, 1907 A 
Nitzschia roroana Grun. a-573 Rob. 
Nitzschia sicula 
(Castr.) Hust. a-573 Rob. 
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Table 2. (Continued) 
Reported by 
Collection Identified- Relative Starrett and 
Taxon number tion source abundance Patrick? 
Nitzschia sigma 
(Kutz.) Mm. Smith. a-187 Hu. 1930 A Yes 
Nitzschia sigmoides 
(Ehr.) Win. Smith. a-58 Hu. 1930 A Yes 
Nitzschia sinuata v. 
tabellaria Grun. 0!-488 Hu. 1930 R 
Nitzschia spiculoides 
Hust. 01-573 Rob. 
Nitzschia subaclcularls 
Hust. a-572 ASA 348 C 
Nitzschia subcapitellata 
Hust. a-561 Hu. 1949 A 
Nitzschia tarda Hust. OJ-573 Rob. 
Nitzschia thermalis 
Kutz. a-189 Hu. 1930 C 
Nitzschia trvbllonella 
Hantz. a-293 Hu. 1930 C 
Nitzschia trvbllonella v. 
debllis (Amott) Mayer, a-573 Rob. 
Nitzschia trvbllonella v. 
levldensis (Wm. Stnith) 
Grun. 8-573 Rob. 
Nitzschia trvbllonella v. 
vlctorlae Grun. CU-562 Hu. 1930 C 
Nitzschia valida Cl. 05-573 Rob. 
Nitzschia vermicularls 
(Kutz.) Hantz. a-573 Rob. 
Opeophora Martyi 
Heribfiud- #-363 Hu./Rabh» R 
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Cable 2. (Continued) 
Taxon 
Reported by 
Collection Identifica- Relative Starrett and 
number tion source abundance Patrick? 
Pinnularia aerosphaeria 
Breb. a-527 Hu. 1930 
Pinnularia borealis Ehr. Ct-31 Hu. 1930 
Pinnularia Braunii v. 
amphicephala (Mayer) 
Hust. a-485 Hu. 1930 
Pinnularia intermedia 
(Lag.) Cleve. a-549 Lag., 1873 
Pinnularia interrupta 
Wm. Smith. 0£-549 Hu. 1930 
Pinnularia karelica 
Cleve. CU-IB? Hu. 1930 
Pinnularia microstauron 
(Ehr.) Cleve. o:-298 Hu. 1930 
Pinnularia obscura 
Krasske. 8-153 Hedwigie 
Pinnularia viridis 
(Nitzsch) Ehr. Oî-188 Hu. 1930 
Pleurosigma delicatulum 
Wm. Smith. a-54 Drum, 1962 
Rhoicosphenia curvata 
(Kutz.) Grun. (X-57 Hu. 1930 
Rhopalodia gibba 
(Ehr.) Mull. a-581 Hu. 1930 
Rhopalodia gibba v. 
ventricosa (Kutz.) 
V. Heurck. oc-573 Rob. 
Rhopalodia gibberula 
(Ehr.) mil. a-581 Hu. 1930 
0 
0 
0 
Yes 
Yes 
Yes 
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Table 2. (Continued) 
Taxon 
Reported by 
Collection Identified- Relative Starrett and 
number tlon source abundance Patrick? 
Stauroneis anceps Bhr. a-338 
a-194 
L 
a-297 
a-54 
Stauroneis palustrls 
Hust. 
Stauroneis phoenicenteron
Ehr. 
Stauroneis smlthll 
Grun. 
Stauroneis Wlslouchll 
Foretzky & Anlslmowa a-261 
Stephanodlscus astraea 
(Ehr.) Grun. 8-266 
Stephanodlscus astraea v. 
mlnutula (Kuetz.) Grun. a-194 
Stephanodlscus dublus 
(Fricke) Hu. a-301 
Stephanodlscus hantzschll 
Grun. a-187 
Stephanodlscus nlaearae 
Ehr. a-184 
Surlrella aneusta Kutz. a-573 
Surlrella bidens Hust. a-74 
Surlrella blserlata 
Breb. Q!-54 
Surlrella brlehtwellll 
Wm. Smith. OS-267 
Surlrella gracilis 
(Win. Smith) Grun. a-572 
Hu. 1930 
Hu./Babh. 
Hu. 1930 
Hu. 1930 
Hu./Rabh. 
Hu. 1930 
Hu./Rabh. 
Hu. 1930 
Hu. 1930 
ASA 227 
Rob. 
Rob. 
Hu. 1930 
Relmer 
Hu. 1930 
0 
Yes 
Yes 
Yes 
Yes 
Yes 
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Tabla 2. (Continued) 
Taxon 
Reported by 
Collection Identlflca- Relative Starrett and 
number tion source abundance Patrick? 
Surirella Klttonli 
A. Schmidt. a-330 
Surirella ovali*,Breb. a-68 
Surirella ovata Kutz. a-388 
Surirella ovata v. 
plnnata Wm. Smith. Oî-293 
Surirella ovata v. 
sallna %n. Smith. Q!-562 
Surirella robusta v. 
splendlda (Ehr.) V. Heurck 
a-59 
Surirella spiralis 
Kutz. a-330 
Surirella strlatula 
Turp. a-573 
Surirella tenera v. 
nervosa A. Schmidt. 01-134 
Svnedra acus Kutz. 8-260 
Svnedra amphicephala 
Kutz. Ct-192 
Svnedra amphicephala v. 
fallax Grun. a-573 
Svnedra berollnensis 
Lemmermann. OJ-579 
Svnedra eaillonii 
(Bory) Ehr. 8-573 
Svnedra nana 
Melster. 8-137 
ASA 23 0 
Hu. 1930 A 
Hu. 1930 C 
V. Heurck, 1896 C 
Hu. 1930 C 
Hu. 1930 C 
Hu. 1930 R 
Rob. 
Hu. 1930 0 
Hu. 1930 D 
Hu. 1930 A 
Rob. 
Hu. 1930 C 
Rob. 
Hu. 1930 C 
Yes 
Yes 
Yes 
Yes 
67 
Table 2. (Continued) 
Taxon 
Reported by 
Collection Identified- Relative Starrett and 
number tion source abundance Patrick? 
Svnedra parasitica 
Wn. Smith. 0-440 
Svnedra parasitica v. 
subconstricta Grun.  ^a-548 
Svnedra rumpens Kutz. a-49 
Svnedra tabellata 
(Ag.) Kutz. a-293 
Svnedra tabellata v. 
accuminata Grun. Ct-575 
Svnedra ulna 
(Nitzsch) Ehr. a-260 
Svnedra ulna v. 
aequalis (Kutz.) Hust. a-359 
Svnedra ulna v. 
danica (Kutz.) Grun. 0!-574 
Svnedra ulna v. 
oxvrvnchous f. contracta 
Hust. a-301 
Svnedra vaucheria Kutz. Q!-298 
a-266 
Svnedra vaucheria v. 
capltellata Grun. 
Thalassiosira fluviattlls 
Hust. a-573 
Hu. 1930 
Hu. 1930 
Hu. 1930 
Hu./Rabh. 
Hu./Rabh. 
Hu. 1930 
Hu. 1930 
Hu. 1930 
Hu. 1930 
Hu. 1930 
Hu. 1930 
Rob. 
C 
0 
C 
A 
Yes 
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River diatom flora. I have omitted discussions of the ecological signif­
icance of most individual taxa, since such discussion is readily available 
from standard works. As noted in detail in Table 2, the occurrence of 
many of the less common diatoms in the Des Moines River may be transient 
as well as insignificant. Ecological discussion Is confined to the 
dominant and abundant taxa where pertinent. An earlier list of diatoms 
from the Des Moines River was published by Starrett and Patrick (Starrett 
and Patrick 1952). Patrick identified 82 taxa representing 23 genera from 
sanqples collected by Starrett from 3 stations along the river in Boone 
County, Iowa, Including the Fraser dam. As noted in Table 2, I found 66 
of the taxa identified by Patrick. After examining the slides from which 
she made her identifications, 1 have concluded that their study was not 
intended to be exhaustive. 
Biomass Measurements 
In an attempt to obtain diatom population data similar to that used 
by Hohn and Hellerman (Hohn and Hellerman 1963) glass slides were left sus­
pended in the river in specially designed holders, but these were recovered 
only twice. The river is heavily fished and the entire basin well-hunted; 
field equipment has a continuous open season. A large cement block with 
detachable cement hemispheres attached to the surface was moored in the 
center of the riffle above the mouth of Pease Creek, but water froze 
solid around it in the winter, and high water carried it 20m up on the 
shoal. Thus attempts to use artificial surfaces for determination of 
diatom biomass were unsuccessful. Measurement of diatom biomass from 
natural substrate is reported elsewhere (Drum 1963) . In that study I 
Figure 27. November view underneath Highway 61 bridge 2km above 
confluence of Des Moines River with the Mississippi, 
looking toward the Missouri side 

carefully removed epilithic colonies of Gosaphonama olivaceum from fiat 
rocks, determined the area of each surface with a planimeter» weighed the 
colonies from each rock, and determined the live weight per square centi­
meter to be 0.7 gram. This equals 28 US tons per acre. These colonies 
contained 3% dry weight organic matter and 16% ash. 
One determination of plankton blomass was made by centrifuging four 
samples of fresh river water (2-500ml samples and 2-1000ml samples), 
extracting the pigments from the collected cells with 25 or 50ml of 
mecnanoi and measuring the absorption at 635 and 665mu in a Beckman DU 
spectrophotometer. The results are reported in Table 3. A simultaneous 
determination of suspended organic matter was made by drying 20ml of 
fresh river water in crucibles, weighing them until constant weight was 
reached, and then weighing again after ignition at 900 C. These results 
are also shown in Table 3. 
Epilithic Diatom Investigation 
Because of their apparent importance in the diatom blomass of the 
river, a special study was made of the colonies of Gomphonema olivaceum 
(Drum 1963). After ascertaining that much of the colonial mass, and the 
cause of its bulk was due to the extracellular stalks upon which the 
diatoms grow, an effort was made to separate some of this material and 
discover its chemical identity. The colonies were placed in centrifuge 
tubes (15ml), and centrifuged in an International Clinical Centrifuge 
after each washing. The cells were first washed three times with 70 G 
deionized water with ten minutes for each. The pigments were then 
extracted with hot methanol during three ten-minute intervals. Fatty 
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Table 3. Colorîmecric measurement of plankton biomass and gravimetric 
determination of plankton organic matter* 
Milliliters in sanple after extraction from 
plankton centrifuged from 1 liter of river 
water 25 
Absorption at 635 mu 0.097 
Absorption at 665 mu 0.354 
Ratio, 665/635 3.6 
Milligrams of chlorophyll/liter 0.06 
Grams of dry weight of cells/m^  6.0 
Pounds of cells/hr at 90 ft^ /sec discharge 2430 
Milliliters of river water 20 
Height of residue 5.3mg. 
Weight of organic matter 3.2mg. 
Percent of organic matter 60% 
Grams of organic matter/11ter 0.15 
*ln Table 3, the expansion of the chlorophyll per liter was based on 
the curve drawn by McConnell and Slgler, who figured that the average 
photosynthic cell contains about 1% chlorophyll, dry weight (IfcConnell 
and Slgler 1959). The wet weight was based on the assumption that diatoms 
are about 90% water, as lost by heating at 110 G. 
substances were removed by three washes with chloroform; chloroform was 
added again, and several ml of deionlzed water were also added. After 
centrifugation, the stalk material remained as rag at the chloroform-water 
interface, while the silt and debris, as well as many of the siliceous 
frustules, had gone to the bottom of the tube. The stainability of the 
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material by ruthenium red was not affected by this procedure. After 
obtaining negative results from a Ninhydrin test, HN03 test, and I2KI 
test, the material was considered to be a polysaccharide. Attempts to 
hydrolyze the material with dilute HCl, H2S04, HN03, and HF all resulted 
in destruction of the material, and no reducing sugars were detected by 
paper chromatography. Pectinase and Lysozyme also gave negative results. 
A heterogeneous mixture called "Takadiastase" (manufactured by Parke, 
Davis and Co., Detroit, Michigan) produced a galactose residue, but nothing 
else, and the material retained its staining properties. The material was 
found to be insoluble in the following solvents; from 20-100 C (where 
possible, since a boiling water bath was used to heat the tubes when no 
dissolution occurred at room temperature) except where the tested solution 
evaporated completely in a short time: 8NK0H, 1-25% NaOH, H20, petroleum 
ether, methanol, chloroform, ethanol, 20% NH40H, glacial acetic acid, 
alkaline hypochlorite, and formamide. Since isolation or solvation 
appeared unlikely within reasonable time, this aspect of the investigation 
was closed. 
Some of the colonies were quick-frozen and sectioned to observe the 
spatial distribution of viable diatoms in the colonial mass. The viable 
diatom cells in the hemispherical Gomphonema olivaceum colonies were 
evenly distributed from periphery to center, as determined by sectioning 
frozen colonies. This would imply that the colonies are permeable to 
light and nutrients. 
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DISCUSSION 
The Diatoms of Rivers 
Diatoms are the most abundant algal group In the Des Moines River. 
The diatom flora is rich, at least 274 taxa are present. The living mass 
of diatoms produced each year in the Des Moines River must indeed be enor­
mous if the figures given in Table 3 and in an earlier paper (Drum 1963) 
are indicative of the general condition in the river. The field observa­
tions suggest that the data are applicable to the entire river for the 
plankton, and the upper and middle zones for the epilithlc growths. 
Diatoms are generally the most abundant algal group in the other major 
rivers of the United States as well as in the Des Moines River (Williams 
and Scott 1962). The U. S. Public Health Service maintains a plankton 
sampling program as a part of the activities of the National Water Quality 
Network. After several years of sang>llng the major rivers of the United 
States certain patterns of river diatom plankton populations became evident 
(Williams and Scott 1962). Most of ny observations with regard to abundant 
diatom taxa in the Des Moines River are in agreement with the nationwide 
data presented by Williams and Scott. All of the nine most abundant 
diatoms in the Des Moines River (Diatoma vulgare. Gomphonema olivaceum, 
Melosira granulata, Nitzschla dissipata, N. linearis. N. palea. 
stephanodlscus hantzschli. Svnedra acus. and S. ulna) "have occurred one 
or more times among the first four most abundant species in plankton 
sauries" collected by the Water Quality Network (Williams and Scott 1962). 
In addition, 27 of the 51 taxa in my study which occurred in the 1-20% 
abundance range were also listed in the above-quoted category of the Net­
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work. However, lasny of the more abundant diatoms in the Des Moines River 
occur in benthic or attached habitats. Comparison with the planktonic 
data of the Network is strictly valid only for taxa characteristic of the 
plankton such as Malosira granulata. Stephanodiscus hantzschli. and Svnedra 
acus. 
The Des Moines River is part of the Mississippi River drainage basin. 
In other rivers of this system, including the Upper Mississippi itself, 
Melostra granulata and Stephanodiscus hantzschii are two of the most 
abundant diatoms, just as they are in the Des Moines River. Furthermore, 
according to the Network data, S. hantzschii is perhaps the most prolific 
river diatom in the United States. Two more of the nine most abundant 
diatoms in the Des Moines River, Diatoma vulgare and Svnedra ulna, are 
major conq>onents of Great Plains rivers, including the Missouri. The 
permanent and non-permanent hardness of the Des Moines River is sufficient 
to permit abundant growths of Surirella Brightwellil. Pleurosigma 
delicatulum. and Calonels amphisbaena which are characteristic of hard-
water rivers of the Southwest, such as the Arkansas River (Williams and 
Scott 1962). 
The wide range in the water chemistry of different rivers in which 
the same diatoms are dominant lends credence to the idea that there is a 
group of "river diatoms", for which some aspect of the river environment 
is more important than concentration of dissolved ions. Whether these 
diatoms are necessarily "rheophilic" or "current-loving" is obscure, 
since many of them are also dominant forms in lakes and ponds. This leads 
to the more plausible conclusion that some diatoms are prolific in a wide 
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range of habitats. For them, seemingly gross differences in total ionic — 
strength of the environment are readily tolerated. This inmlies a tonlc-
ity-adjustment facility or perhaps osmotic indifference within certain 
limits. The porosity of the diatom cell wall may control ion movement to 
the cell membrane. The polysaccharide sheaths and tubes in vmich many 
diatoms live may act similarly. 
Physical Factors and Diatom Growth 
water is generally the most important limiting factor for the growth 
and distribution of land plants In the presence of a sufficient nutrient 
supply. In the river light is the most important limiting factor for 
submerged algal growth in the presence of sufficient nutrients. The two 
abiotic factors regulating light penetration of river water are silt 
load and ice and snow cover. These are both, in turn, largely controlled 
by annual precipitation in the river basin. In effect, "dry years" on 
land may be "light years" in the river, just as "wet years" on land may 
be "dark years" in the river. Heavy rains or prolonged rains remove 
diatom populations from the river by scouring and prevent renewed growth 
by maintaining turbidity at levels which restrict light penetration. 
The effects of silt in suspension in this case do not appear to be subtle 
as in light problems where differences in wavelength may affect the amount 
and depth of light penetration. Nelson and Scott (Nelson and Scott 1962) 
concluded that river discharge was the limiting physical factor for the 
blomass of the river community at any one time, due to both scouring and 
increased silt load which prevented growth of vascular aquatic plants as 
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well as algae. Douglas (Douglas 1958) concluded that periodicity of 
diatoms in a small stony stream depends on flow. 
The fact that mors diatom cells were collected from the plankton 
during the Winter of 1963-1964, when snowfall was very light, than in the 
previous two winters shows that light penetration is affected by precipita­
tion in all seasons. The thin and incomplete ice cover in the lower zone 
seemingly permitted the massive growth of planktonic and benthic popula­
tions of Stephanodiscus hantzschll during the winter in that portion of 
the river. 
With plenty of light and nutrients available temperature appears to 
regulate the kinds of diatoms common during a particular growth period. 
Seilheimer and Eichelberger (Seilheimer and Eichelberger 1962) concluded 
that temperature and available light were the most important factors 
regulating algal growth in the Ohio River, based on daily samples, in 
which they found diatoms to generally be the dominant algal group. There 
seem to have been no seasonal pulses of diatoms as a group in the Des 
Moines River, although some diatoms were more prevelent or dominant during 
certain seasons each year. Patrick (Patrick 1948) reports that diatoms 
frequently have a Spring and also an Autumn "pulse". As noted in the 
above chronology of diatom growth in the Des Moines River, some diatoms 
produced maximum growth in the Spring and also in the Fall; others occurred 
only during the Summer; some peaked during the Winter; and some grew 
steadily throughout the year apparently oblivious of seasonal changes. 
Melosira granulata was the most Important "warm water" diatom and seemed 
to be restricted to the plankton. It grew best when the water temperature 
78 
was above 20 C and apparently little or no growth occurred below 15 C. 
Gomphonema olivaceum was the most important attached diatom in the Des 
Moines River (Drum 1963) and developed massive colonies only when the 
water temperature was 10 C or less. It was thus abundant from late Fall 
through early Spring, and almost non-existent in collections in the warmer 
months. It had marked growth peaks in the late Autumn and early Spring 
which were also noted by Blum and Jorgensen (Blum 1954; 1956; Jorgensen 
1957) - Thermal control here may involve both the physiology of stalk 
secretion by the diatom as well as bacterial or fungal destruction of the 
same material, since the polysaccharide stalks are generally Insoluble in 
water of any natural temperature. Stephanodiscus hantzschil occurred 
abundantly throughout the year, but grew best when the water temperature 
was 5 C or less with the apparent concurrent development of slender 
siliceous spines, hair-like and up to 40 microns long, projecting from the 
valve mantle of each cell wall half. Spines such as these did not occur 
during the warmer half of the year. The physiological cause for the 
development of these spines is obscure, but probably is not due to a need 
for increased flotation potential. Patrick (Patrick 1948) quotes Ostwald 
as finding that species in regions where temperature is very variable 
often have Summer and Winter forms, with the Summer forms having increased 
surface area due to decrease in water viscosity. Winter spine development 
may be significant in that it increases surface area for the absorption 
of nutrients, less available in the lower energy situation. This would 
be especially feasible if cytoplasm extends into these fine processes as 
it does in Chaetoceros galvestonensis (personal communication to me from 
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Phillip J. Halickl In 1964, Florida State University). 
Nutrient Supply 
Prior to extensive settling and cultivation by Caucasian settlers, 
the land in the Des Moines River drainage basin was naturally fertile 
(Owen 1852). Rains presumably washed nutrients into the streams and rivers 
but the relative abundance of algal growth at that time is unknown, 
although rooted aquatic plants were not growing in the Des Moines River 
(Owen 1852). Extensive cultivation has been accompanied by an increasing 
use of inorganic fertilizers for Improving crop yields. Consequently, in 
addition to the natural washing of nutrients into the river by rains. 
Inorganic fertilizers are also washed into the river by rains. The natural 
run off is supplemented by the use of clay tiles, especially in the upper 
and middle zones of the river where natural drainage was immature and many 
former upland marshes have been drained. Tile drainage may be slow and 
continue to supply nutrients after most of the natural run-off has occurred. 
Sewage effluents from cities located on the Des Moines River and Its 
major tributaries, especially the Boone and Raccoon Rivers, as well as 
untreated wastes from packing plants, creameries, livestock feed lots, and 
other farming operations all contribute additional nutrients to the Des 
Moines River. These sources are generally independent of local precipita­
tion, especially the sewage effluents from cities, and so the supply is 
continuous. 
Thus the Des Moines River is kept extremely fertile with respect to 
the nutrients available for potential algal growth. Present indications 
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are that the level of available nutrients will continue to rise with the 
Increasing human population of the river basin. 
These two major sources of nutrients, sewage effluents and fertiliz­
ers, also keep other Iowa rivers fertile. Neel and Smith (Neel and Smith 
1961) in their report on the taste and odor problem in the municipal 
water supply of the city of Cedar Rapids, which takes its water from the 
Cedar River, concluded that due to drainage from fertilized agricultural 
lands and incoming sewage effluents, there are always sufficient nutrients 
in the Cedar River to support a massive algal population. This conclusion 
applies to the Des Moines River as well. Only twice, during growth 
periods 15 and 21, were the three restrictive nutrients, nitrate nitrogen, 
phosphates and silica (Patrick 1948; Jorgensen 1957), noticeably depleted. 
Diatom and other algal populations were maximum during the periods even 
though it appeared that the nutrient supply had finally become critical. 
Other factors are probably more important than nutrient supply in affect­
ing major changes in the diatom populations of the Des Moines River. 
Diatom Population Replenishment 
In a river, as long as it is a flowing body of. water moving downhill, 
everything except the bedrock is transient and this is also worn away 
eventually. Thus, replenishment is a keynote to the establishment and 
maintenance of river diatom communities. This means not only water but . 
also essential nutrients and sources of organisms. The nutrient sources 
for the Des Moines River are discussed above. 
There appear to be three major sources of diatom inoculum for the 
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Des Moines River following high water scouring: 1) lakes and ponds; 2) 
impoundments behind dams across the river; 3) permanent springs, seeps, 
and pools in open pit mines. The two headwater lakes, Shetek and Tuttle, 
support rich diatom floras and most of the taxa listed in Table 2 could 
be found in collections taken from the overflows of these two lakes. They 
are two relatively permanent sources of inoculum. Other lakes in the 
upper zone are mostly smaller, but their collective diatom floras are 
rich. This may in part be due to the wide range in their water chemistry. 
Many of these smaller lakes overflow only intermittently into the river; 
sometimes overflow may be interrupted for several years in a row. This 
could cause concurrent or sporadic appearances of some diatom taxa in 
the river and also in my collections. 
Impoundments behind lowhead dams in the upper and middle zones of 
the river are slowly filling up with silt and fine sand. Some have a 
fringe of rooted aquatic vegetation. Siltatxon occurs when silt settles 
out of the river water faster than it is washed away, apparently due to 
a decrease in flow rate as the river enters the impoundments. Diatoms 
also settle out with the silt and fine sand particles. These diatoms 
come from small tributaries and the main river upstream. Eventually 
motile pennate diatoms migrate to the surface of the mud and resume 
benthic, planktonic, or attached growth (Van Heurck 1896). The phenomenon 
of diatom migration through up to several centimeters of overlying mud 
and fine sand can be observed in collections brought back to the laboratory 
and allowed to stand undisturbed for 6-10 hours, in either light or dark 
conditions. Thia may relate to the fact that 40 of the 60 most common 
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diatoms in the river are motile pennate forms, as are 219 of the 274 diatom 
taxa found in the river. 
Springs and seeps, especially those located on steep hillsides or on 
bluffs overlooking the river, can provide not only many of the common 
motile pennate diatoms, but are also sources of some of the rarer forms 
such as Eunotia formica. Pinnularia borealis, Nitzschia Lorenziana var. 
subtilis and Surirella spiralis. Water from pools in open pit coal and 
gypsum mines is occasionally drained into the river, but this does not 
seem to be a stable source of diatoms. 
Replenishment may be accomplished by diatoms which are new to the 
river. Different kinds of diatoms may be introduced into the river by 
the following means: viable airborne algal cells (Brown, Larson and Bold 
1964); migratory waterfowl (the Des Moines River is on a migratory water­
fowl flyway) (Schlichting 1960; 1964); migratory amphibians, especially 
the snapping turtle on whose back grows a mat of Basicladia and often other 
algae as well; aquatic rodents; domestic animals; and man, all through 
passive transport. Because of the transient factor, individual taxa may 
be brought to the river occasionally, where they thrive and pass on down­
stream never to reappear during the course of any one Investigation. This 
may explain the appearance of Gomphonema brasilense in just one collection 
from one place. Many frustules were observed in the one collection, but 
not in collections upstream or downstream or from the same place at a 
later date. Some diatoms became Important numerically in just the last 
year of study, after no known previous occurrence in the river. Calomels 
amphisbaenla was one of these. It was originally found in a spring in the 
lower zone of the river for two years. It appeared in large numbers in 
the benthos during the Spring Growth period in 1963, and was common 
thereafter throughout the river in all seasons. This points up the 
advantage enjoyed by those who study diatoms in lakes, where a permanent 
record of diatom growth may lie in the bottom sediments which accumulate 
over the years without being washed away each time it rains heavily. 
The uncertainty of replenishment also forms an obstacle for those 
who would like to establish the existence of defined diatom "communities" 
in rivers. 
Public Use of Des Moines River Water 
Only one munincipality, Ottumwa, Iowa, takes its domestic water sup­
ply directly from the Des Moines River, although the city of Des Moines, 
Iowa takes its water from the Raccoon River. Other cities, like Boone, 
Iowa, obtain their water from shallow wells in the Des Moines River valley 
and the city of Humboldt uses water from several large springs that pour 
out of the bedrock in the river bottom there. Apparently the water treat­
ment plant at Ottumwa has experienced some taste and odor problems due to 
algae, although filter-clogging by diatoms seems to be a more troublesome 
problem. In view of the observations made during this study, the intensity 
of tastes and odors in the Des Moines River will probably increase if the 
amount of fertilizer applied to agricultural lands increases and if the 
population of the drainage basin increases. Primary and secondary treat­
ment of domestic sewage by cities may eliminate some of the offensiveness 
of the resulting effluents but seems to increase their value as a nutrient 
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source of algae. The approaching problem is not so much the sanitary 
acceptibility of sewage effluent or aesthetic qualities of rivers, as it 
will be a problem of conserving nutrients. Harvesting and composting 
of attached algae, not necessarily diatoms only, from weirs over which 
treated sewage effluent is gravity-fed may be one method. Another might 
be the lagooning of sewage effluent after secondary treatment and draining 
the lagoons after several years and plowing and planting them. 
Although diatoms are very abundant in the Des Moines River (Drum 
1963) in recognizable forms, no commercial use for this abundance has 
been discovered during this study. The most important use of these diatoms 
is probably in the maintenance of animal populations which ultimately 
produce sport for thousands of river fishermen. 
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SUMNAKY 
1. Diatoms were generally found to be the dominant algal group in 
all seasons in the Des Moines River. 
2. There were 274 diatom taxa belonging to 38 genera identified from 
over 600 samples collected from 23 stations along the entire river and 
from 46 tributaries. 
3. Sixty diatom taxa were either dominant or abundant in the river. 
Of these, 36 are nsjor =c=pcnsnts of distcs populations of other major 
rivers in the United States. 
4. Available light was the most important limiting factor for the 
growth of diatoms in all seasons. Light in turn was generally controlled 
by local precipitation which increased turbidity in warmer months and 
/ 
produced a snow cover in the Winter. 
5. Periodic rainfall and the Spring Mslt often produced high water 
and flooding which washed away existing diatom populations in benthic, 
attached, and planktonic habitats. Replenishment of river diatom popula­
tions after highwater scouring came mainly from the two headwater lakes. 
Impoundments on the river itself, and springs and seeps also contributed 
some inoculum. 
6. Nutrients generally were not a limiting factor in diatom growth. 
Sufficient nutrients came from treated sewage effluents and fertilized 
farmlands to support large diatom populations. 
7. Temperature may regulate the growth of dominant diatoms in each 
season. 
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APPENDIX 
Table 4. Water chemistry data 
Location Date Temp Turb pH Fe S04 P04 
Fraser 5-2-61 13 33 8.4 .03 180 .17 
Fraser 5-23-61 17.5 100 8.3 .07 170 .34 
Ledges 5-23-61 17 80 8.6 .04 180 .43 
Fraser 9-16-61 17 110 8.3 .14 73 .55 
Fraser 
\ 
9-20-61 19 50 7.8 .05 75 .27 
Ledges 9-20-61 20 150 8.0 .05 80 .30 
Fraser 9-27-61 15 70 7.8 .07 86 .35 
Ledges 9-27-61 15 80 7.3 .11 93 .35 
Fraser 10-4-61 13 80 8.3 .26 100 .30 
Ledges 10-4-61 13 75 8.0 .14 69 .25 
Fraser 10-19-61 12 50 8.6 .37 63 .30 
Ledges 10-19-61 13 50 8.2 .13 68 .40 
Fraser 10-26-61 10 50 8.6 .18 70 .28 
Ledges 10-26-61 11 50 8.3 .15 70 .27 
Fraser 11-1-61 10 65 8.6 .5 77 .6 
Ledges 11-1-61 12.5 60 8.5 .28 95 .41 
N03 N02 Si02 01 Alk Ca Hard 02 TP04 
3.6 .003 17.5 17 230 245 368 10.5 .27 
4.0 .01 23 18 250 270 385 6.0 .64 
4.0 .023 16 16 245 265 380 6.4 .67 
2.5 .020 4 20 250 210 320 
3.2 .014 4 25 2^ 0 205 315 9.8 
0.58 .008 3 28 160 150 250 11.6 
4.5 .013 3 .27 255 240 360 6.2 
1.4 .005 4 25 220 240 335 6.9 
4.5 .021 4 13 275 260 395 7 
4.0 .003 4 ;>2 275 250 390 7.8 
4.5 .200 11 :ii 340 310 430 
6 .085 16 :L8 312 307 410 
6.5 .026 20 :io 315 315 ,435 
7 .014 15 ;>2 300 275 430 
6 .017 15 :i4 325 287 425 
6.5 .011 17 îiO 300 300 432 
Tabla 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 H102 Si02 CI Alk Ca Hard 02 TP04 
Fraser 11-8-61 4 45 8.6 .25 75 .52 7 .022 15 21 340 330 420 
Ledges 11-8-61 5 35 8.4 .25 77 .31 7 .014 21 20 350 280 470 
Fraser 11-17-61 4 55 8.3 .1 95 .3 6.5 .010 10 20 305 300 420 
Ledges 11-17-61 5 20 8.6 .15 85 .2 6 .015 14 :>5 300 290 ' 460 
Fraser 11-22-61 3 35 8.3 .21 85 .3 6.5 .008 16 ;Î5 320 320 460 .65 
Ledges 11-22-61 4 50 8.6 .36 100 .35 6 .018 15 ;i4 310 310 475 1.1 
Fraser 11-29-61 2 . 5 8.3 .22 100 .20 7 .010 11 ;i5 315 330 460 
Ledges 11-29-61 1.5 25 8.2 .13 90 .14 7 .012 11 'A2 310 330 460 
Fraser 12-6-61 3 12 8.6 .12 95 .25 6.5 .019 8 :'.i 320 320 480 .3 
Ledges 12-6-61 4 42 8.5 .15 105 .3 7 .012 12 iiO 300 310 420 .4 
Fraser 12-13-61 0 40 8.4 .08 105 .48 6 .013 14 ?.7 340 360 480 .58 
Ledges 12-13-61 2 17 7.9 .13 85 .36 4 .014 11 20. 330 320 500 .46 
Fraser 12-20-61 20 7.6 .07 96 .22 6 .022 9 31 360 350 500 .70 
Ledges 12-20-61 3 15 7.5 .15 95 .41 7 .004 12 21 360 340 490 -84 
Fraser 12-27-61 0 20 7.9 .12 100 .45 7 .018 16 25 345 350 410 
Ledges 12-27-61 3 10 7.5 .08 65 .11 1.3 .002 9 12 300 270 470 .45 
I 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 
Fraser 1-3-62 0 10 7.8 •17 110 .35 
Ledges 1-3-62 25 7.4 .03 67 .15 
Fraser 1-10-62 0 20 7.9 .08 110 .3 
Ledges 1-10-62 20 8 .02 68 .14 
Fraser 1-17-62 20 7.6 .03 120 .4 
Ledges 1-17-62 0 10 7.7 .12 105 .33 
Fraser 1-24-62 20 7.5 .17 115 .7 
Ledges 1-24-62 10 7.4 .18 93 .38 
Fraser 1-31-62 25 7 .10 110 .6 
Ledges 1-31-62 40 7.6 .11 92 .44 
Fraser 2-7-62 5 7.5 .2 105 .75 
Ledges 2-7-62 20 8.2 .1 65 .2 
Fraser 2-14-62 30 7.5 .1 92 .55 
Fraser 2-22-62 5 8.1 .12 95 .52 
Ledges 2-22-62 10 7.8 .12 85 .43 
Fraser 2-28-62 10 8.2 .08 90 .45 
N03 N02 S102 Cl Alk Ca Hard 02 1P04 
6.5 .008 15 73 355 360 480 .63 
3.2 .008 13 15 300 320 425 .34 
5 .013 7.5 25 365 350 505 .76 
1.3 .004 11 12 310 360 520 .43 
6 .018 16 30 390 340 510 .66 
6 .018 10 32 400 365 500 
m
 
00 
6 .017 19 30 400 380 520 .91 
5 .008 12 20 380 340 480 .71 
6 .023 21 30 370 350 500 .88 
5 .008 16 20 360 330 520 .60 
6 .023 20 27 310 300 
7 .002 15 19 310 300 535 
6.5 .032 13 25 320 320 460 .65 
7 .042 21 26 290 300 415 .73 
7 .031 14 21 310 300 510 .90 
6 .14 19 23 310 350 490 .90 
Table 4. (Continued) 
Location Date Temp Turb PH Fe S04 P04 N03 N02 Si02 Cl Alk Ca Hard 02 TP04 
Ledges 2-28-62 5 7.7 .1 95 .40 6 .033 15 :!5 325 340 470 1.1 
Fraser 3-7-62 5 7.4 
00 o
 95 .55 5.5 .055 16 22 340 320 460 .83 
Ledges 3-7-62 0 7.3 .15 90 .44 6 .032 13 25 332 320 450 1.05 
Fraser 3-14-62 0 15 8.2 .14 95. .45 4.5 .016 20 :>o 310 300 425 .9 
Ledges 3-14-62 0 20 7.8 .17 85 .6 5.5 .042 12.2 26 310 295 435 .85 
Fraser 3-21-62 0 135 7.9 .32 70 .5 5 .007 12 15 250 250 340 .68 
Fraser 3-28-62 2 2000 8.1 .35 32 .32 6 .025 15.3 1.0 150 145 200 .35 
Fraser 4-4-62 200 7.9 .20 40 .4 7 .03 13 8 140 150 210 ,5 
Fraser 4-11-62 4 180 8 .11 50 .4 7 .015 13 10 170 190 275 .52 
Fraser 4-18-62 9.5 180 8.3 .15 75 .4 7 .027 17 15 200 210 290 7.6 .6 
Fraser 4-25-62 14 75 8.3 .12 95 .28 6 .018 11 15 210 255 340 8.2 .3 
Fraser 5-2-62 15 75 8.6 .18 115 .27 6 .005 12 14 230 245 400 7.6 .43 
Fraser 5-9-62 16 70 8.3 .03 120 .22 6 .001 10 15 240 260 360 6.2 .5 
Fraser 5-16-62 23 40 8.4 .12 120 .23 4.5 .01 10 18 230 250 380 8.3 .48 
Fraser 5-23-62 21 80 8.3 .25 110 .2 4.5 .OÎLI 11 17 225 240 360 4 .37 
Fraser 5-31-62 19 100 8.6 .60 110 .53 7 .011 37 15 250 265 380 5 1.7 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 N02 Si02 (31 Alk Ca Hard 02 1Ï04 
Fraser 6-6-62 18 1000 8.5 .5 100 .5 6 .003 20 3.1 250 300 400 6.5 .8 
Fraser 6-13-62 22 100 8.3 .32 115 .44 6.5 .007 27 Î.2 270 275 410 5.2 .9 
Fraser 6-20-62 24 35 8.7 .15 130 .35 4.5 .002 22 ].5 255 255 395 7.5 .75 
Fraser 6-27-62 27 50 8.7 .09 180 .32 4.5 .006 26 15 245 255 395 8.2 .75 
Ledges 6-27-62 28 75 8.9 .36 175 .32 6.5 .012 28 16 250 265 410 9.2 .5 
Fraser 7-5-62 25 140 7.9 .40 .55 .4 7 .25 50 10 200 190 305 5 .5 
Fraser 7-12-62 25 50 8.3 .18 95 .4 6 .012 38 14 240 250 340 5 .42 
Fraser 7-18-62 21 20 8.3 .1 90 .4 6 .009 35 14 270 265 370 5.4 .75 
Fraser 7-25-62 24 40 8.3 .09 90 .55 7 .005 29 11 270 275 440 5 1.25 
Fraser 8-1-62 21 30 8.5 .14 90 .5 6 .003 25 14 290 315 410 5.1 .65 
Fraser 8-8-62 26 25 8.7 .1 120 .3 5 .01 30 18 280 290 415 6.5 .42 
Fraser 8-23-62 26 15 8.4 .09 130 .25 .1 .000 19 21 180 220 350 7 .45 
Ledges 8-23-62 27 20 8.6 .12 120 .09 .07 .000 22 22 190 225 382 6.5 .3 
Fraser 9-12-62 18 15 8.1 .02 72 .75 6 .011 43 12 300 320 420 4.5 1.2 
Fraser 9-19-62 19 20 8.6 .07 80 .4 6 .002 26 12 310 350 405 8 .45 
Fraser 9-26-62 16 20 8.7 .02 90 .28 6.5 .004 35 15 305 290 475 9.4 .5 
Table 4- (Continued) 
Location Date Temp Turb PH Fe S04 F04 N03 N02 Si02 Cl Alk Ca Hard 02 ÏP04 
Fraser 10-3-62 14 30 8.6 .02 95 .37 5.5 .011 26 :L7 285 280 400 7.5 .6 
Fraser 10-10-62 17 25 .06 95 .4 6 .035 30 ;ii 330 330 460 7 .53 
Fraser 10-17-62 15 15 8.6 .03 90 .55 6.5 .011 32 ;i5 326 325 465 5.7 .76 
Fraser 10-24-62 8 15 8.7 .04 85 .17 5.5 .006 31 16 335 320 455 9.6 .4 
Fraser 10-31-62 8 10 8.5 .04 95 4 .006 27 ].7 325 300 450 10 .55 
Fraser 11-7-62 5 0 8.5 .02 95 .18 4 .005 19 20 290 270 420 11 .4 
Fraser 11-14-62 6 15 8.2 .02 90 .03 2.6 .011 14 18 270 260 410 12 .4 
Fraser 11-15-62 6 20 8.5 .01 93 .00 4 .018 14 21 265 270 405 10 .2 
Fraser 11-16-62 6 20 8.6 .02 90 .17 4 .013 14 20 270 260 405 9.5 .24 
Fraser 11-17-62 5 20 8.5 .1 90 .12 5 .007 15 .18 270 260 420 10 .27 
Fraser 11-18-62 3 20 8.5 .04 85 .12 5 .017 12 21 275 260 440 11 .16 
Fraser 11-20-62 5 20 7.9 .04 87 .14 5.7 .01 22 20 290 290 455 11 .35 
Fraser 11-28-62 5 55 8.3 .00 95 .22 4 .011 6 19 270 200 400 12 .3 
Fraser 12-5-62 0 0 8.7 .05 80 .15 .5 .011 10 20 255 210 410 9.4 .18 
Fraser 12-12-62 0 45 8.7 .03 100 .14 1.5 .002 12 25 350 350 470 13 .32 
Fraser 12-19-62 0 25 8.5 .08 100 .17 4 .008 12 26 380 340 520 14 .4 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 
YWCA 12-28-62 0 5 8.8 .03 98 .15 
YWCA 1-2-63 0 5 8.3 .08 85 .28 
Fraser 1-9-63 0 0 7.9 .04 80 .4 
YWCA 1-16-63 0 0 7.6 .04 100 .45 
Ledges 1-23-63 0 0 7.6 .04 85 .77 
Ledges 1-30-63 0 0 7.6 .04 90 .65 
Fraser 2-6-63 0 0 7.2 .06 95 .6 
Fraser 2-13-63 0 0 7.2 .04 90 .7 
Ledges 2-13-63 0 0 7.6 .02 85 .65 
Fraser 2-20-63 0 0 7.3 .03 95 .5 
Fraser 2-27-63 0 0 7.2 .6 63 .65 
Fraser 3-6-63 0 0 76 .08 70 .74 
Fraser 3-14-63 0 20 7-8 .08 77 .67 
Fraser 3-21-63 .5 2000 7.9 .02 40 .4 
Fraser 3-28-63 8.5 200 7.8 .02 50 .35 
Fraser 4-4-63 10 1000 8.6 .01 73 .32 
N03 N02 Si02 Cl Alk Ga Hard 02^  TP04 
4.2 .008 20 27 370 320 510 11 .16 
3 .017 13 33 400 330 520 11 .38 
4.5 .008 13 26 340 290 460 .6 
2.2 .065 14 34 350 310 485 .6 
2 .033 11 37 360 350 500 8.2 .78 
1.5 .03 18 42 400 385 540 5.5 .75 
1.9 .035 12 45 400 400 510 4 .76 
1.3 .032 7 36 340 350 460 3 .8 
1.9 .003 9 40 360 345 470 5.5 .75 
1 .015 9 36 330 310 450 2.7 .85 
3.5 .03 9 43 350 325 450 3 
3 .023 12 41 315 300 420 3.9 
3 .022 11 34 270 260 400 5.5 
6 .1 12 15 170 150 250 6.5 
6 .05 12 16 220 230 320 3.5 
4 .014 15 16 270 260 380 7.4 
Table 4. (Continued) 
Location Date Temp Turb PH Fe S04 P04 N03 N02 Si02 Cl Alk Ca Hard 02 
Fraser 4-11-63 12 1000 8.7 - 64 .14 3.5 .006 11 21 250 320 370 7 
Fraser 4-18-63 14 50 8.2 67 .03 .05 .000 1 23 160 140 260 9.3 
Fraser 4-25-63 12 50 7.7 70 .02 .05 .000 .5 23 180 150 290 
Fraser 4-30-63 11 mud 12 190 160 275 
Fraser 5-9-63 21 60 8.4 65 .06 7 .008 14 :L6 310 250 380 
Fraser 5-16-63 15 350 8.5 .1 60 .05 8 .010 15 ;L2 260 300 380 
Ledges 5-22-63 15 50 8.5 .08 90 .3 6 .008 10 ;i5 290 330 410 6 
Fraser 6-10-63 25 1000 7.5 .01 57 .05 6.5 .018 6 12 270 260 400 
Fraser 6-18-63 23 250 8.5 .42 75 .42 6.5 .016 14 15 260 200 335 4.5 
Fraser 6-26-63 27 60 8.2 .02 95 .02 4 .016 8 Î'.O 250 270 370 8 
Fraser 7-3-63 29 80 8 .02 60 .02 3 .015 7 3.8 230 260 300 
Ledges 7-11-63 27 1100 8 .00 46 .00 6 .03 13 3.0 200 180 260 
Fraser 7-17-63 26 8.2 .1 70 .37 5 .008 15 15 250 225 410 
Fraser 7-24-63 27 825 8 .00 65 .4 6 .000 12 î.l 225 220 330 
Fraser 7-31-63 28 200 8.4 .08 95 .2 2.3 .002 18 5.4 232 225 360 
Fraser 8-7-63 27 160 8.3 .01. 150 .25 2.7 .008 7 3.5 190 180 400 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 N02 S102 CI Alk Ca Hard 02 TP04 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Fraser 
Shetek 
Shetek 
8-14-63 26 
8-21-63 24 
8-28-63 24 
9-3-63 25 
9-10-63 25 
9-17-63 23 
9-24-63 17 
10-1-63 15 
10-8-63 21 
11-12-63 6 
11-19-63 6 
11-27-63 5 
12-3-63 1 
12-21-63 0 
6-24-61 20 
7-24-61 20 
140 8.6 
120 8.5 
200 8.5 
100 8.8 
180 7.8 
100 8.2 
50 8.0 
220 8.0 
85 
75 8.4 
50 7.6 
100 8.6 
40 8.0 
7.5 
80 8.3 
285 8.7 
.01 170 .15 1.5 
.01 190 .42 .6 
.01 190 .18 .8 
.00 150 .02 .05 
.00 140 .08 .05 
.00 100 .2 .04 
.00 140 .12 .05 
.00 180 .12 .05 
.00 
.00 200 .02 .05 
.00 240 .22 .1 
.00 250 .15 .1 
.00 210 .1 .1 
.00 300 .42 1 
.12 260 .51 .75 
.13 380 .35 4 
.002 8 
.002 8 
.001 12 
.000 
.000 
6 
6 
.000 8 
.02 8 
.000 7 
.000 1 
18 230 170 400 
20 250 250 360 
22 240 170 300 
22 215 250 380 
23 200 180 300 
26 210 210 380 
32 230 250 410 
30 250 220 370 
32 220 210 380 
40 220 240 420 
.000 0.0 40 190 190 350 
.000 .5 43 250 250 380 
.000 .1 43 240 220 390 
.02 9 65 370 340 520 
.002 20 14 190 250 450 6.4 
.03 75 11 225 290 450 6.2 
.68 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 N02 Si02 Cl Alk Ca Hard 02 TP04 
Shetek 
Shetek 
Shetek 
Talcott 
Talcott 
Talcott 
Talcott 
Talcott 
Wlndom 
Windom 
Wlndom 
Windom 
Jackson 
Jackson 
Jackson 
Jackson 
11-19-62 1 
2-22-63 1 
10-11-63 17 
7-24-61 24 
10-15-61 11 
11-19-62 1 
2-22-63 2 
10-11-63 18 
6-24-61 20 
7-31-61 25 
10-15-61 11 
11-19-62 1 
6-24-61 20 
8-15-61 29 
10-15-61 12 
11-19-62 3 
30 7.5 .02 150 
0 8.1 .04 150 
75 8.3 .15 420 
75 8.2 .15 250 
35 7.9 .1 300 
0 7.5 .1 300 
75 8.7 .08 300 
115 8.5 .32 400 
65 7.9 .05 210 
20 8.2 .22 240 
55 8.7 .04 380 
70 7.4 .02 260 
90 7.5 .05 190 
40 8.4 .13 180 
.27 2 
.15 .2 
.001 9 
.000 75 
.1 .1 .000 73 
.15 .05 .000 4 
.62 1.9 .01 18 
.00 .35 .000 11 
.33 .75 .000 20 
.6 .3 .000 100 
.13 .12 .000 10 
.2 .5 .000 8 
.1 .001 32 .3 
.19 
. 1  
. 2  
10 185 220 440 7 
15 240 290 510 
15 200 250 400 
20 190 260 460 6.8 
21 215 265 450 
15 240 320 530 9 
25 350 490 880 
15 220 370 420 
17 250 380 565 7.4 
19 205 290 510 
32 265 310 510 
17 265 280 470 9.3 
16 250 350 545 7.4 
.5 
.3 
1 .1  
.001 2.7 20 175 250 430 5.7 
.03 .002 2.7 30 240 260 450 
.3 .000 0.0 16 220 260 520 10 
.53 
.7 1.25 
.42 
.47 
.4 
. 22  
Table 4. (Continued) 
Location Date Tenç Turb pH Fe S04 P04 N03 N02 Si02 Cl Alk Ca Hard 02 TP04 
Jackson 2-21-63 2 0 6.8 .27 105 1.0 .65 .004 16 50 370 390 550 4 
Jackson 10-11-63 19 20 250 270 420 
Esther- ' 
ville 6-24-61 30 55 8.6 .02 280 .3 - .004 32 21 255 300 510 10 .5 
Esther-
ville 7-8-61 85 8.7 .28 310 .12 .10 .02 13 20 200 260 440 5.2 .55 
Esther-
ville 10-15-61 15 70 8.1 .05 210 .0 .0 .004 10 30 250 280 460 
Esther-
ville 11-19-62 2 25 8.3 .18 150 .26 1.5 .000 5 25 255 240 500 9.3 .4 
Esther-
vllle 2-21-63 0 0 7 .28 95 .6 2 .006 7 20 335 350 510 4.5 
Esther-
ville 10-11-63 18 17 230 250 380 
Emmets-
burg 7-8-61 65 8.7 .21 400 .43 .65 .022 16 25 230 280 470 6.5 .6 
Rutland 6-21-63 25 200 8 . 08 110 .15 1.5 . 08 8 18 200 250 360 
Humboldt 11-19-62 4 20 8 .18 115 .08 5 .007 14 17 265 330 505 11 .6 
Humboldt 2-22-63 5 0 6.9 .2 55 .24 2.3 .002 11 22 310 260 400 5.7 
Table 4. (Continued) 
Location Date Teinp Turb pH Fe 804 P04 
Tuttle L. 8-15-61 24 115 7.9 .05 56 .75 
Tuttle L. 10-15-61 13 40 7.6 .01 40 .05 
Tuttle L. 11-19-62 2 130 8.4 .12 75 .2 
Tuttle L. 2-21-63 2 0 8 .01 85 .05 
Tuttle L. 10-11-63 18 
Dakota 
City 11-19-62 4 20 8.2 .06 75 .3 
Dakota 
City 2-21-63 0 0 7 .23 48 .5 
Below 
Junction 11-19-62 4 10 8.1 .11 100 .18 
Below 
Junction 2-22-63 7 0 7.7 .2 60 .5 
N. Fort 
Dodge 10-15-61 16 50 8.6 .1 85 .1 
N. Fort 
Dodge 6-4-62 17 50 8.6 .16 160 .2 
S. Fort 
Dodge 11-19-62 3 15 7.8 .07 90 .2 
N03 N02 SiOZ Cl Alk Ga Hard 02 TP04 
.002 30 
.11 .002 14 
2.1 .000 30 
.2 .000 15 
6 .017 14 
1.2 .007 13 
4.8 .012 13 
1.5 .01 15 
4.2 .016 10 
6.0 .012 17 
5.3 .011 14 
16 210 200 
17 245 210 
12 220 230 
18 320 260 
15 150 120 
12 340 280 
19 330 260 
15 280 290 
30 340 250 
25 310 275 
14 235 270 
18 290 245 
290 3 1.2 
320 
440 6.6 .4 
480 8.3 
260 
520 8.3 1.0 
440 2.8 
490 7 .37 
450 9 
410 
390 .6 
495 7 1.2 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 
S. Fort 
Dodge 2-22-63 0 0 8 .12 65 .3 1.7 
Lehigh 9-16-61 17 75 8. .5 .17 75 .5 4.5 
Lehigh 11-20-62 3 25 8 .11 90 .25 5.7 
Lehigh 2-22-63 ^ 0 0 7 .6 .12 75 .9 2 
Saylor-
ville 11-21-62 5 30 8 .2 .21 90 .1 5 
Saylor-
ville 2-23-63 0 0 7 .3 .05 65 .5 4 
Douglas 8-26-61 185 8 .05 85 .65 2 
Douglas 11-21-62 5 65 8 .3 .27 85 .1 3.7 
Douglas 2-23-63 0 20 7 .3 .08 60 .55 4.5 
Court A. 8-26-61 55 7 .2 .13 95 .8 .2 
Court A. 11-21-62 5 40 8 .2 .19 80 .01 5 
Below DM 8-26-61 135 7 .6 .17 80 .65 3.5 
Below DM 11-21-62 6 35 8 .3 .31 85 - 4.6 
Below DM 2-23-63 1 200 7 .4 .2 - .7 3.5 
W02 Si02 CI Alk Ca Hard 02 TP04 
.008 11 33 310 
.003 4 30 260 
.022 15 25 295 
.05 12 55 340 
.006 7 22 245 
.014 10 33 340 
.002 2 30 230 
.006 7 18 250 
.015 11 32 305 
.05 2 20 225 
.005 8 20 245 
.001 2 20 210 
.01 8 23 280 
.025 10 28 250 
450 10 
345 5.8 
450 11 .5 
. 460 6.3 
450 11 .2 
460 5.3 
320 6.8 
450 .24 
400 
320 6.3 
435 10 .05 
280 6.2 
400 12 1 
400 8.4 
300 
235 
310 
320 
210 
250 
220 
220 
250 
190 
230 
180 
200 
190 
Table 4. (Continued) 
Location Date Temp Turb PH Fe S04 P04 N03 H02 S102 CI Alk Ca Hard 02 TP04 
Below Red 
Rock Dam 8-26-61 340 7.5 .32 90 1.3 1.7 .001 2 22 180 150 260 4.3 
Below Red 
Rock Dam 11-21-62 7 110 8.5 .02 90 .21 3.5 .016 13 19 250 200 300 12 .4 
Below Red 
Rock Dam 2-23-63 0 300 7.4 .3 - .5 6 .024 8 18 170 150 250 -
Below Red 
Rock Dam 7-10-63 31 2000 8 .08 60 .02 6 .025 8 15 220 160 400 
Ottumwa 11-21-62 6 375 8.5 .16 90 .3 5 .014 18 16 215 200 300 7,2 .8 
Ottumwa . 2-23-63 0 1000 7.1 .3 - .4 4 .014 8 18 150 140 250 7.2 
Ottumwa 7-10-63 30 160 8.5 .03 75 .02 5 .015 3 20 210 140 300 
Keosauqua 11-21-62 6 350 8.6 .23 100 .26 5.5 .1 18 21 190 200 300 7.5 .45 
Keosauqua 2-23-63 0 300 6.9 .3 0 .35 4 .016 8 26 150 140 250 5.8 
Keosauqua 7-10-63 31 120 8.8 .03 85 .03 .05 .000 0.0 30 175 110 350 
Conflu­
ence 6-16-62 23 1000 7.8 .2 50 .4 6 .02 18 12 210 210 310 .4 
Conflu­
ence 11-21-62 6 575 8.5 .3 100 .4 4 .02 16 15 190 200 300 7 .35 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 N02 Si02 Cl Alk Ca Hard 02 Ï204 
Conflu­
ence 2-24-63 0 1000 7.2 .3 - .35 5 .015 8 22 170 140 250 
Conflu­
ence 7-10-63 30 150 8 .08 80 .00 .05 .000 0.0 'A5 140 120 250 
Lime L. 7-24-61 23 47 8.6 .1 400 .2 .4 .000 35 11 140 265 500 7 .35 
L. Louisa 7-24-61 25 112 8.4 .3 370 .05 .55 .000 15 1.1 82 165 360 11 .1 
Heron L. 7-31-61 23 30 7.5 .08 500 .5 .23 .000 100 25 210 250 520 .4 .65 
String L. 7-31-61 24 40 8.6 .16 16 .25 .3 .001 14 10 90 53 110 .5 .3 
Round L. 7-31-61 21 30 8.4 .07 1000 0 .45 .001 50 11 175 535 800 3.3 .1 
Harder L. 7-31-61 24 15 8.1 .12 64 .2 .3 .000 20 10 160 125 230 5.3 .5 
Bootleg 
L. 8-15-61 32 35 10 .03 5 .5 - - 1.3 15 230 65 210 10 .5 
4-Mile L. 6-23-61 25 8.5t .01 30 .4 .9 .004 12 10 150 95 165 7.1 .4 
Little 
Swan L. 8-10-61 28 35 8.9 .2 55 .6 3.2 .11 125 9 270 320 320 12 
Swan L. 8-10-61 24 35 9 .05 135 .45 .35 .016 5 7 117 130 250 12 
Field 
Seep 8-10-61 10 0 8.4 .2 300 .35 .65 .000 70 5 380 340 510 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 N02 Si02 Cl Alk Ca Hard 02 ÏP04 
Ellis'W. 
Emmet Co. 8-10-61 - 0 7.5 .05 65 .15 5.2 .001 60 
12-m. L. 8-10-61 23 60 7.4 .17 4 .35 1.1 .000 6 L, 
Silver L. 8-6-61 29 25 10 .14 50 .4 .4 .013 105 L 
Five Island 
L. 8-6-61 29 10 8.6 .12 12 .22 .2 .003 4 l 
Rush L. 7-25-62 24 10 8.7 .02 62 .1 5 .03 14 
Pickerel 
L. 7-25-62 21 10 9.6 .03 12 .9 .75 .068 36 
S. Twin 
L. 7-25-62 20 10 7.8 .04 48 .15 .15 .000 7 1 
Lizard 
Cr. 11-20-62 1 20 8.4 .01 100 .09 6.5 .017 9 :L1 280 210 420 
Lime 
Quarry 6-4-62 15 7.5 0 250 .12 3 .017 9 :l 
Gypsum 
Quarry 6-21-63 0 0 7.5 .04 400 .00 3 .02 3 A 
Soldier 
C. 6-18-62 24 35 8.6 0 90 .45 10 .043 23 1 
350 255 375 
125 85 125 1.2 
190 150 250 2.1 1 
140 55 165 5.3 .22 
120 110 200 4.5 .4 
165 120 190 6 1.4 
215 170 260 1.2 .45 
9.7 .15 
300 280 450 .6 
90 1500 1600 
270 290 410 1.2 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 N02 8102 CI Alk Ca Hard 02 * TP04 
Cr. in Doll. 
St. Pk. 4-24-62 15 8.3 .1 200 .2 5.5 .004 20 12 265 355 510 .35 
Boone R. 2-14-62 0 40 6.8 .17 70 .75 6 .037 17 19 285 260 375 .85 
Boone R. 11-20-62 2 10 8.3 .01 110 .3 5.5 .025 5 17 320 280 510 10 .33 
Boone R. 2-22-63 1 0 7 .63 65 1.8 .22 .002 15 35 370 320 490 1.2 
Boone R. 11-21-63 5 20 8.5 .0 500 .43 .08 .000 2.5 28 300 250 425 
Skillet 
C. 7-5-62 24 30 8.5 .1 50 .2 10 .022 31 20 300 265 355 6.2 .5 
Skillet 
C. 11-20-62 2 0 8 .6 .01 110 .4 2 .000 6 100 330 275 460 11 .35 
Spring 
Hoist 9-3-63 14 0 6.9 .03 300 .3 .2 .000 12 7 420 470 630 
County 
Farm C. 5-9-63 22 10 8.2 0 55 .25 8 .016 10 :io 280 250 360 
Spring N 
Centerv. 9-27-61 15 0 8 .11 80 .1 .05 .000 4 10 355 300 400 
Milford C 7-18-62 27 0 8.4 .15 65 .1 3 .012 33 6 290 250 350 5.7 .5 
Bluff C. 4-18-63 14 0 8.5 0 65 0 .32 .003 1 12 200 170 280 8 
Table 4. (Continued) 
Location Date Temp Turb PH Fe SG4 P04 N03 N02 Si02 CI Alk Ca Hard 02 TP04 
Black Di­
amond S. 6-6-61 0 6.4 .08 320 .3 .1 .003 30 10 100 300 . 430 1.2 
Mitchell 
Farm S. 9-17-63 10 0 6.8 0 55 .1 .5 0 10 8 230 250 410 
Honey C. 
Boone Sw 4-4-63 11 400 8.2 .02 170 3.6 8 .27 30 175 300 460 570 10 
Beaver C. 11-21-62 8 40 8 .24 65 .35 2 .004 5 28 275 220 460 11 .35 
Raccoon 
River 11-21-62 6 10 7.7 .01 70 .01 4.5 .007 6 13 275 190 400 11 .02 
Raccoon 
WW dam 2-23-63 0 50 7.3 .17 50 .38 5 .028 6 15 210 180 270 8 
Raccoon 
WW dam 7-11-63 31 160 8.5 .05 55 0 .05 0 4 12 190 120 270 
Raccoon 
WW dam 11-29-63 4 20 8.5 0 70 .3 .55 .004 1 20 230 180 290 
4-Mile C. 
Ankeny 6-19-63 28 0 8.9 0 40 1.2 6 .045 20 20 300 160 400 
North R. 11-21-62 6 25 7 .55 60 .25 3 .001 7 11 230 180 290 8 .5 
Middle R. 11-21-62 7 15 8.2 .2 50 .33 4 .004 3 11 210 185 250 10 .75 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 
South R. 11-21-62 7 
Lacey Keo 
Spring 2-23-63 0 
Lacey Keo 
Spring 7-10-63 22 
Ice at 
YWCA Bend 12-28-62 0 
Mine waste 
seep, S. 
Boone WW. 4-25-63 14 
Banner Coal 
Field Main 
Pool South 5-11-63 21 
Strip Mine 
Pool, N. 
Hartford 5-11-63 22 
Mineral 
Spring, 
Weeks' 
Farm, on 
Salt C. 2-24-63 0 
100 7.5 .62 65 .17 
0 7.7 0 250 .05 
0 7 .01 210 0 
30 6.8 .04 1 .05 
0 5.3 0 400 .05 
10 8.4 .04 130 .05 
0 4.1 12 500 0 
0 6.7 0 400 .07 
N03 N02 Si02 CI Alk Ca Hard 02 TP04 
) .002 9 11 150 150 240 9.3 .5 
.42 0 4 11 225 320 690 7.5 
.35 .004 3 9 200 260 450 
0 0 2 3 16 10 20 .07 
.55 0 12 10 10 1150 5500 20 
.4 .01 2 8 80 220 310 .3 
.5 0 25 4100 0 300 1000 10 
.55 .000 12 14 400 420 785 
Table 4. (Continued) 
Location Date Temp Turb pH Fe S04 P04 N03 N02 Si02 Cl Alk Ca Hard 02 Mn++ 
Minerai 
Seep on 
Boyer 
Farm, 
Douds 7-10-63 15 0 5.5 8 500 0 .2 .000 - 12 50 300 20 
